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TO 


The Riguot HonNouRABLE | 


The Earl of ORRERY. 


My Lorp, 


TOUR known parts and learning 
juttly entitle your Lordfhip patron 
to any deferving production of ge- 

nius or ftudy: But the volume here in- 
{cribed to your Lordship, has a farther 
right to your countenance and favour ; 
as not only treating of fubjects, for a 
thorough knowledge whereof your 
Lordfhip is become eminent ; but being 
' partof a work originally proceeding 

from one, whofe immortal name adds 
to the dignity of your illuftrious family. 

meat. Hoye" Gea Mer. 


AW 


DEDICATION. 
e @ * - ghie 
Mr. Boy/e furvives in his works; but if © 
we would fee him exprefsd by real life, — 
we muft turn our eyes upon your Lord- 


fhip, and your noble family, in whom 


reign, to perfection, the fine tafte, and 


the comprehenfive genius ; the candid, 
generous, and communicative temper, 10 
eminently predominant in Mr. Boyle. : 


I am; 


May it pleafe your Lordfbip, 


Your Lordfbip s moft humble, 
moft obedient, 


and moft devoted Servant, 


Peter Shaw. 
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Experiments and. obfervations 
| upon colours. 


SE CRIT 
Iverfity of colours, what it fig- 
nifies. ee" I 


2. Coleur, what. 

ry Whether colours depend upon le 
furfaces of bodies. 

4. A blind man who di iRinguifhed pes 


Jours by the touch. Ke) 
5. How changes are produced ix colours, 
by liquors. 14 


6. Whether all bodies « are She aD 2 


7. Whether objetts are coloured in y 
dark? 
— §. Whether i at i colours be real 


or imaginary ¢ ib. 
SEC T. II. 
9» The nature of whitenels, 27 
10. The nature of blacknefs 33 
Vor. II. 


VOLUME, 


11. The nature of whitenefs and black- 
nefs foewn by experiments. p.37 

12, An enquiry into the caufe of black- 
nes in the Negroes. 42 

13.Whitenefs produced in chymicai pre- 
cipitations, 46 

14. Whether black vecetves no other co- 
lour ; and white all colours 2 47 

15. Colours depend not on the fata 
forms of bedies. 

16. Ihe chymical doétrine of blackness 
cenfured. ib. 

SECT. Ill 

17. Many changes of colour produced by 

"one fimple ingredient. — 51 

18. Experiments made in a ated : 
room. 

19. Objeéts view'd in different kinds E 
light. 58 
20. Experiments with the tinéture a 

Lignum nephriticum. - 
21. Zo find whether an acid or a ‘itbhe 
reous liquor predominates in a liquor. 


| 63 

22. Different colours obferv’d in the Jame 
piece of glafs. 

a 
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23. The fimple aud primary colours but 
few. p. 65 
24. The fun’s light flain’d with the co- 
lours of tranfparent bodies in paffing 
thro” them. ~ ib. 
25. Apparent colours compound as the 
genumne. 66 
26. Experiments made with a colbbur’d 
prifim. 67 
27. Limpid liquors may afford coloured 
VAPOUr Ss. | ib. 
28. Several ways of producing a-grecn 
with a blue and yellow. 68 
29. The manner wherein this colour may 
poffibly be produced, 69 
30. The mixture of every yellow and 
every blue will not afford a green. 70 
31. The colours of the rain-bow exhibited 
in very thin fubftances. ib. 
32. Syrup of violets, and the juice of 
blue-bittles, by a change of colour, 
diftinguifh an acid from an alkali, 71 
33. Lhe production of a bluecolour. 73 
34. Of a red. ib. 
35. What quantity of a limpid liquid a 
pigment may tinge. 74 
36. Acid, alkaline, aud urinous falts, 
change the colours of many vegetable 
produttions. | ib. 
37. Changes of colour by digeftion, &c. 
particularly a rednefs, 77 
38. Different effects of an acid, in tke 
produétion of colvurs, reconciled. 80 
39. The colours of the fumes of bodies, 
aud of the fubjtances they form, obfer- 
ved in diftillations, &c. ib 


40. Various changes of colour, caufed by 
- falite fpivits, tn the tin€tures of vege- 


tables. SI 
41. A colour inftautly generated, and 
perfectly deftroy’d. 83 
42. The chymical veafou of this pheno- 
menon. 


43» The preceding experiment varied. 


35 


€ 


44. To find what kind of falt, whether 
acid, volatile, or fixed, predominates 
in an affien’d liquor or Jaline body. 

AB aN + detichente—iart 

As. One body changed into more, of diffe- 

vent colours, by a colourlefs ingredient. 


89 
46. Changes of colours produced in a dry, 
white body, by [pring water. . ft 


47. A permanent colour produced bya. 
particular avrangement.of parts. 92_ 
48. Various colours produced.in different 
pares of the fame liquor. ib. 
49. Chauges of colour may greatly depend. 
upon the peculiar texture of the men- 
firuum. a 94. 
50. Lhe different colours of metals in 


different ftates. 95. 
51. Aneafy method of examining ores. 
. 109: 

52. The way of making counterfeit gems. 
ib, 
53- Mineral folutions may give different 
colours from their own. IoL 


54. The method of preparing a yellow ve- 
getable lac. ib. 
55. Alum, being a ftrong ‘matter, diffol- 
ved by acid, may, when ufed as a 
precipitant, be, itfelf, precipitated. 
102 


A free enquiry into the vulgar 
notion of nature. 


SECT. I. 

iY WHE vulgar notion of nature 
prejudicial to religion and phi- 
lofophy. : L106 
2. The great ambiguity of the word na- 
ture. 109 
3: Means ‘of avoiding this ambiguity. 
eae) 

4. Whether the nature of a thing be the 
law it receives fromthe creator? 11% 
: 5° 
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5. Ariftotle’s definition of nature ob- 


ier and unfatisfattory, p.EE2 

Bons SHOT di 
'6.The received notion of nature, what 2 
113 
7. A new notion of nature, general and 
particular, advanced. ib. 
8. Il effeéts of the vulgar notion of na- 
ture upon religion, ib. 
9. Reafons againft admitting the vulgar 
notion of nature. 116 
10. The reafons whereon the oe notion 
of nature depends, examined. 123 
11. The vulgar notion of a-crifis exami- 
ned. 129 

he a gg Rol 0 


12. Axioms about nature, how far, and 
in what fenfe, to be admitted. 134 


13. Whether hee nature preferves ite 


felf? ib. 
14. Whether nature never fails of her 
end 2 w35 
15. Whether nature always ats y the 
foortef? ways ? 136 
16.Whether fhe always does what is 
beh? 137 


17. Whether nature abhors a vacuum 


138 
18. Whether nature cures difeafes ? 140 
19. Whether nature be a fubftance or an 


accident, body or fpivit 2 — 145 
20. The wife and advantages of this en- 
Te. Xs s “telat 148 


An enquiry into the final caufes 
_ of natural things, , . 


SEC T.-L the 
Hether the final caufes of nae 


tural things are “yaa 


to men 2 50 
2% Final cone what they may fi onify, 
abs 1 


inodeede dy A | 
3. Whether final caufes ave ta be ex- 
petted in all, or one in dome ean 
bodies ? 159 
4. Evident marks of defign in the ie 
ture of the eyes, amdother parts of ani- 
mals, sh BOX 
5. Chance, an imaginary being. 166 
6. Revelation allows us. to fpeak more 
pofitively of final caufes than natural 


philofophy. 168 
SECT. Ill. 


7. How inanimate bodies may att for 
ends wherewith they are unacquainted. 


‘179 
SE CTF, IV, 
8. \How final caufes are to be confider'd. 
172 
9. As to the celeftial bodies. 172 


10. And thofe that are terreftvial, 175 
11. "Zs often allowable from the manifeft 


and appofite ufes of the parts.of animal 


bodies, to collect fome of the particular 
ends, ‘for which the creator defign’d 


them: and in fome cafes from the 


knows uatare and flvutture of the 
parts, to draw probable conjettures about 
the particular offices of them. 177 

12. It is rational from the manifeft fit- 
ne{s of fome things to cofmical or ani- 
mal ends, to infer, that they were 
thereto ordain’d by an intelligent agent. 

180 

13. We adie bi not to be hafly in eonclu- 
ding upon the particular ufe of a 
thing, or the motive which induced the 
author of nature to frame it in a i 
liar manner, 

14. The naturalift foould not ng me 
fearch, or difcovery of fival caufes, to 
make him undervalue or neglett the 

. enquiry after their apintanss Red 


Q2.0..0.> Things 
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Things above reafon confider’d. 


| SECT. I. 
1 Hings above reafon of three 
kinds. p- 197 
2. Incomprehenfible. ib. 
3. Inexplicable. ib. 
4. Unfociable. 198 
5. Privileg’d things, what ? ib. 
6. The imperfection of the human of 
ib. 
7. After what manner human reafon 
alts. 200 


8. Whether men may, with juftice, dif- 


cour fe of things above reafon? 204 
SOF, TE 

g. Rules for judging of things above 

reafon. 211 

to. The firft rule, | ib. 

11. A fecond rule. 213 


12. Athird rule for judging of things 


above reafon. 214 
13. A fourth rule. 216 
14. Reafon, what ? 218 
15. A fifth rule. 221 
16. The fixth and laft rule for judging of 

things above reafon. 225 
The philofophical difficulties 


relating to the refurrection, 
confider’d. : 


1. )Reliminary obfervations, 229 
2. Identity; the difficulties of 
conceiving it. ib. 
3+ The grand objettion againft the Re- 
furreétion. 231 


4. Anfwer'd. ib. 


The chriftian virtuofo. 
1.0, Xperimental philofophy leads to 
religion, in general. 239 
2. By difcovering the exiftence of God. 
ib. 


: o 
: 
gt 

. 


3. Lhe immortality of the foul. p. 241 
4. And fettling the belief of a. divine 
providence. 242 
5. Experimental philofophy draws the 
mind from fenfual things. . 246. 
6. Gives it a docility. 247 
7. And a fitnefs for fearching into 
deep truths, 247 
8. Experimental philofophy leads to the 
chriftian religion, in particular. 248 
9. Different kinds of experience. 249 
10. Perfonal. ib, 
11. Hiftorical. | 1b, 
12. Aud theological or fupernatural. ib. 
13. We ought to believe feveral things 
upon the information of experience, 
mediate and immediate, which without 
that information, we fhould judge un- 
fit to be credited ; or antecedently to 
it, attually judg’d contrary to reafon. 
250 
14. We ought to have a great and i 
ticular regard to thofe things that ave 
recommended to our belief, by what we 
reduce to real, tho’ fupernatural ex- 
perience. ° 253 


The high veneration man’s in- 
telle¢t owes to God. 


I. OD may have feveral attri- 
butes and perfecttions unknown 
t0 US. | 264. 
2. Effects of the divine power. 266 
3. The vaft magnitude of the whole 

material world. ib. 
4. The prodigious quantity of motion 

given thereto and maintain’d therein. 


267 

5: The wifdom of God differently ex 
priffed. 269 
6. ln the various contrivances of ani- 
mal bodies. ib. 
7+ In the mutual ufefulnefs of his pro- 
duttions to each other. 270 
8. 


other fiftems befides the folar. p- 270 
9. Still greater inflances of power and 
_ wifdom, in the formation and govern- 


ment of immaterial beings. 274 
10. Great inftances of wifdom in the re- 
demption of man, RG is.08 


11. The immenfe difference between the - 


creator and his creatures. 275 
12. The fuperiority of the divine know- 

ledge to that of man. | » Ab, - 
13. The obligation men are under to ve- 
 nerate and contemplate God. 277 
14. The manner wherein this is to be 

done. 280 

STATICS. 


Hydroftatical paradoxes proved 
and illuftrated by experi 
ments. 


‘t Oftulata and Lemmata. 285 
2. Paradox I. 

In all fluids, the upper parts gravitate 
on the lower. 287 
oe Paradox II. | 

A lighter fluid will gravitate upon a 
heavier. 293 

4e Paradox III. 

Hf a body be wholly, or in part, immerfed 
below the furface of water, its lower 
part will be preffed upwards by the 
water contiguous to it, from beneath. 

296 
K Paradox IV. 

A competent prefJure of an external fluid 
is alone fufficient to raife.the water in 
pumps. 300 

‘96. Paradox V. 

The preffure of an external fluid will keep 
an heterogeneous liquor fufpended at the 
Jame height, in tubes of very different 
bores. 301 
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7, Paradox VI. : ‘ 
The dive preffure fuftain’d by a body, 
placed any where under water, with 
its upper furface parallel to the hori- 
Zon, is that of a column of water’ 
whofe bafe is the horizontal fuperficies 
of the body, and height the perpendi- 
cular depth of the water : and if the 
water preffing upon a body be contained 
i open tubes, its preffure is to be ofti- 
mated by a column of the fame, the bafe 
whereof equals the lower orifice of the 
pipe, and height a perpendicular from 
thence to the top of the water: and 
this tho’ the pipes ftand obliquely, be 
irregularly fhaped, or wider in fome 
parts than the faid orifice. p.303 
8. Paradox VII. 

A body immerfed in a fluid, fuflains a 
lateral preffure therefrom ; which in- 
creafes with the depth whereto it is 
plunged. 307 

9. Paradox VIII. 

Water will as well deprefs, as fupport a 

body fpecifically lighter than itfelf. 
309 

10, Paradox IX. 

Notwithflanding the doétrine of pofitive 
levity, anoil, lighter than water, 
may be kept immerfed in that fluid. 


310° 


Paradox X. 


igh: 
The afcent and flux of water in fiphons, 


. ave explicable, without fuppofing 2 
Fuga vacui. ibs 

12. Paradox XI. 

The moft ponderous body we know, in 
merfed in water to a depth exceeding 
that of twenty times its own thickuels, 
will float, if it be there fenced from 
the dirett preffure of the incumbent 
fluid. ZI 


Hydro- 


1X 


ye 
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Hydroftatics applied to ores, and ** 


to the Materia medica. 


SECT. I. 
Offils, their medicinal virtue 
whence 2 p- 314 
2. Anew way of examining them “by 
Aroftatically. 1b. 
3. Its foundation. — ib. 
4. Examples to illuftrate the doftrine. 
315 
a Preliminar ry obfervations with regard 
to fofjils. ib. 


6. Lo diftinguifh marcafites lhe: me- 
talline ores. a7 
7. Divettions to find the beft ne 
ders for ores. 318 

8. Direétions relating to the not bord 
ment of the hydroftatical balauce. ib. 
9. The hydroftatical balance applied to 
ores, and firft to gold-ore. R01 
10. All minerals fhould be carefully exa= 
mined, and if ponderous, hydroftati- 
cally. 323 
11, Huw to examine earths or foft 1 
frances, spydroftatically. 324 
12. Colour’d fands and gravel. ib. 
13. Ores ia general, and that of lead in 
particular. 325 

=H He ies ARG Hi 

14. The hydroftatical balance applied to 
the Materia medica ; and firft to 


the Lapis Hematites. 326 
15. Zo the Lapis Lazuli. ib. 
16. The maguet. 327 
17.Calamine. . ) ib. 
18. Red coral. ib. 
19. Pearl. 1b. 
20. Calculi Humani. 328 
21. Aud bezoar. ib. 


2. The hydroftatical balance will diftin- 
uit between bodies of the fame deno- 


mination. ib. 
23. Between genuine ftones and counter- 
fest. | ib. 


, And fhew the genninene]s and purity 
taf bodies.  pa329 
os . This method of examination applied 
to fluids heavier than water, and un- 
apt to mix therewsth 5 for pico to 
mercury, | 
26. To raided and fragments of bodies, 


331 
27. To bodies that will diffolue or ed 
with water. 
28. Another way of finding the Ipaifi 
gravity of fluids. 333 
29. The feveral ufes thereof. 334 
30. Still other methods for the fame pur- 
336 
31. an ufe and advantages of weighing 
one fluid in another. 337 
2. All waters nearly of the fame i 
38 
33. To difcover the magnitudes of bodies 
hydroftatically. ib. 
34. To gain the folidity of a body hydro- 
ftatically, tho lighter than water. 339 
35. Wheat accuracy is to be expeéted in 
bydy oftatical experiments. 34 
36. A table of the Specific gravities T 
bodies compared with water. 344 


An hydroftatical difcourfe, by 
way of anfwer to the objec- 
_tions of Dr. More and others, 
again{t fome explanations of 
particular experiments; with 
farther confiderations thereon, 


Sew Oils wae 

Echanical folutions of pheno- 

mena, what ? 347 

2. That the upper parts of fluids gra~ 
vitate upon the lower. 348 

3. Demonftrated by experiments. 350 
4. Water made to fupport a body of a 
oe greater fpecific gravity than it- 


353 
5. 
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"5. The cafe of divers with regard to 
the preffure of the water they fuftain 
at great depths. Pp. 354 

6. Vaft preffures of a fluid fuftain’d by 


weak and tender bodies. - 


355 
7..An aétual preflure at the bottom of 


the fea. 35 8 
Fe oe ink nee 8 
8. Water attually weigh’d in water by 
common fcales, 360 
9. The relative levity of bodies under 
— water. 362 
£0. Shewn by experiments which over- 
throw the doctrine of pofitive levity. 
ib. 
11. The preffure of the air’s fpring on 
bodies under water. 365 
12. Manifefted by experiments, ib. 
13. Fluids prefs in a different manner 
from folids. 367 
14. Whence the weight of the atmofphere 
is not prejudicial to the bodies of ani- 
mals. 368 
us. Experiments to illuftrate and con- 
firm this-do€tvine: 


An effay-inftrument,wherewith 


to examine if coin be adulte- 


rate or counterfeit. 


I. N eafy method of determining. 


the fpecific gravities of fluids 

aud folids. 
2. Applied to the examination. of coin, 
373 

3. And oiber mixed metals. 


A ftatical hygrofcope. 
SECT. E 


i. \ T Avious bodies propofed, to difco- 


er the drynefs and moifture 


of the air. 375: 
2. A fponge made choice of. 376 
3. And turn d into a hygrofcope. ib. 


379 


372. 


374. 


4. Experiments and obfervations made 
with it. P- 376 
5. The ufe of hygrofcopes. ib. 
6. Lhe firft ufe of the flatical hygrifcope, 
to fbew the different variations of 
weather in the fame mouth, day, and 
hour. 377 
7. A fecond ufe, to fhew how much one 
_ yegr and feafon is dryer or moifter than 
another. 378 
8. Lhe third ufe, to difcover and compare 
the chauges of the temperature of the 
air, made by winds, frofty, fuowy, and: 
other weather. 379- 
9. A fourth ufe, to compare the tempte- 
vature of different houfes, and different — 
rooms in the fame houfe. 380 — 
10. A fifth ufe to obferve in a chamber, 
the fetes of the prefence or abfence of" 
a fire, 384r 
tr The fixth ufe, to keep a chamber in. 
any alfign’d degree of drynefs, 381 


S:ExC 2. IL 


12. Lnflances of the power of the air’s 


moifture at all feafons, 382. 
13. Upon animal fubftances, ibs 
14. Upon vegetables. 383: 
15. Aud alfo upon metals and minerals. 

384 
16. The cord-hygrometer. 385 


Fire and flame weigh’d in a. 
balance.. 


SGT Ee) 
re, Xperiments to fhew that flame: 
may incorporate with folid bo- 
dies, fo as to increafe their weight and’ 
bulk, 388: 
2. That fire may do the fame. 389. 
3. Even tho’ the bodies be not imme- 
diately expofed to it. 392: 
4. And alfo after they have been cal 


civeds ib, 
SEC'T:... 


» 
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SE GT. II. 

5. Glafs pervious to ponderous parts of 
ame. p. 396 
6. Corollaries from this difcovery. 398 
7. That flame may aét as a menftruum, 
and make coalitions with the bodies it 
aéts on. ib. 
‘8. That calces of metals ye the ma- 
gifteries of them. ib. 
9. The effect of fire upon bodies in’ clofe 
glaffes, not wholly owing to the agita- 

tion of the glafs. 
10. Particles extremely volatile, may, by 
affociating with others, quite lofe their 
volatility. 1b. 


PNEUMATICS, 


Phyfico-mechanical experiments 


14. Au attempt to kindle a combuftible 
body, by the fums rays in vacuo. 


.428 

15. An excited needle in vacuo affetted 
by the maguet. ib. 
16. The ‘Torricellian experiment in 
vacuo. 422 
17. Odd phenomena of the mercurial 
barometer. 423 
18. A like experiment made with water. 

2 

19. Whether water be elaftic. *e 
20. Whether air may be generated or 
tran{muted. 429 
21. The air concealed in oil. 433 


22. Oil of turpeutine, oil of tartar, fpirit 
of vinegar, ved wine, milk, fpirit of 
urine and of wine. 434 

23. The gravity of air expanded under 


aye water. 435 

+ thew. th pring and effects 24. A pendulum made to fwing in va- 

of the air. cio. 437 

SECT. 25.4 watch and a bell in the exhaufted 

AL ee recetver. | 438 

fc HE origin of the air-pump. 16 A fuming liquor in the receiver. 

° ° avid 

2. The air-pump defcribed. 408 27. Smoke in vacuo. id 

3. Some phenomena of the engine folved. 19 The cohefiok of polifbed marbles in 

oS 410 vacuo. 440 

DL Spring and preffure of the air , g. Anevett preffure exercifed by the at- 

i'd. 410° mofphere. 443 

sb sid diftended by the fpving of 30. The preffure of the atmofphere ane 

t i sf 412 puted. 442 

6. And burft bythe fame. = 413 31. The nature of fuction. 443 
7. The dilatation of air, by its Jpring, 32. And vacuity. 


meafured. 414 
8. The firength of glafs, and the ad- 
wantages of figure in fuftaining a pref- 


Ure» I 5 


9 The flame of tallow and Me in 
vacuo. 417 
10. Kindled charcoal. (418 
11. Red- hot iron. AY 
12..Lighted match, ib. 
13. And gui-puwder fired in vacuo. 
420 


444 
33. Bodies of different fpecific gravities 

lofe their equilibrium in vacuo. 445 
34. The afcent of liquors in fiphons, and 


filtres, whence. 446 
35. Their afcent in capillary tubes. 447 
36. A parcel of atr weigh'd, 448 
37. Whether glafs be pervious to air. 

449 

38. The penetrating power of air, com- 
pared with that of water. 450 
39: 
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39. The proportion of the weight of air 
to that of water. p. 45st 
40. The height of the atmofphere com- 
puted. | 453 
41: Odd phenomena of light produced in 
the receiver of the air-pump. 455 
42. Water made to freeze in vacuo. 
; 459 
43. A water-thermometer in vacuo. ib. 
4.4. Infeéts in vacuo. 460 
45. Birds and mice in the exhaufted ve- 
ceiver. 461 
46. The nature of refpir ation confider d. 
462 
47. Whether the attion of menftruums 
depends upon the preffure of the air. 
472 
48. The ebullition of wari liquors in 
vacuo. . : 473 
SECT. If. 
49: The air-pump farther improved. 
474 
50. Mercury raifed by the fpring of a 
little included air. 475 
51. Much included air raifes mercury but 
tothe ufual flandard of the barometer. 


476 

52. The fpring of included air raifes 
mercury nearly to an equal height in 
unequal tubes. 477 
53-4 fountain made by the {pring of 
uncomprefjed air. ib. 
54. Flat glaffes broke by the weight of 
the atmofphere, without the affiftance 
of a Fuga vacui. 479 
55+ Blown bladders burft by the fpring of 
the air included in them. — ib. * 
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Seg TD , 
: IS often thought that a diverfity of colours conftantly argues AN Diverfity of se- 


equal diverfity in the nature of the bodies wherein they a 


fide : but I cannot wholly give into this opinion. For not to 

mention changeable taffaties, the blue and golden feathers on 

the necks of pigeons, and feveral water-fowl, natural and artificial rain- 
bows, ©'c. the colours whereof philofophers call not real, but apparent ; 
we fee that the contiguous feathers in various birds are fome of them red, 
others white, blue, yellow, Oc. and that in feveral parts of the fame 
feather there is frequently the greateft difparity of colours: fo in tulips, 
july-flowers, and other vegetables, even feveral parts of the very fame 
_ deaf are frequently found of different dyes ; tho’ no difference is obferved 
in their other properties. And fucha variety we have much more remar- 
kably in the marvel of Peru ; for of the great profufion of fine flowers 
which that gaudy plant affords, I have fcarce obferved any two dyed per- 
fetly alike. But tho’ fuch particulars keep me from affirming, that a 
diverfity of colours always denotes fome great difference in bodies, yet that 
3t often fignifes confiderable alterations in the difpofition of their parts, 
_ appears from the extraction of tinétures, wherein the change of colour is 
the chief, and fometimes the only thing by which the artift regulates his 
procedure in their preparation. Inftances of this are alfo obvious in feve- 
ral forts of fruit, wherein according as the vegetable fap is ripened, by 
paffing from one degree of maturation to another, the external part of 
Vou. Il. | B the 
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the fruit changes from one colour to another. A lefs obvious inftance : 


C/V~U of this kind is afforded us by the method of tempering fteel for gravers, 


Colour; what 2 


drills, {prings, @c. whichis this. Firft, the fteel to be tempered is har- 
dened, by heating it in glowing coals, and not quenched. as foon as taken 
from the fire, but held over a bafon of water till it defcend from a white 
heat toa red one; when ’tis immediately quenched in cold water. The 
feel thus hardened will, if it: be good, look whitifh ; and being brigh- 
ten’d at the end, and held in’the flame of ‘a candle, that the bright end 
may lie about half an inch diftant from the flame, it will fwittly pafs from 
one colour to another, as from a bright yellow to adeeper and reddith 
yellow, from that toa fainter firft, and then toa deeper blue; each of 
which fuccéeding colours argues fuch a change made in the texture of the 
fteel, that if it be taken from the flame, and immediately quenched in tal- 
low, whilft itis yellow, it will be of fuch a hardnefs as fits it for drills ; 
é&c. but if kept for a few minutes longer in the flame, till it turns blue, it 
becomes much fofter and proper tomake fprings for watches; which are 
therefore commonly of that colour ; laitly, if you keep the fteel in the flame 
after the deep blue has appeared, it will grow too foft even for penknives. 
Any perfon may eafily fatisfy himfelf of the different hardnefs of fteel of 
different colours, either by the file, or by breaking fome flender wires thus 
tempered, and obferving how they vary in point of brittlenefs. 

But before we defcend to a more particular confideration of our fub- 
jeG, ’tis proper to obferve, that colours may be regarded either as a qua- 
lity refiding in bodies to modify light after a particular manner, or elfe 
as light itfelf, fo. modified as to {trike upon the organ of fight, and caufe 
the fenfation we call colour ; and that this latter is the more proper ac- 
ceptation of the word colour, will appear hereafter. And indeed it is the 
light itfelf, which after a certain manner, either mixed with fhades, or 
otherwife, ftrikes our eyes, andimmediately produces that motionin the 
organ which gives us the colour of an obje&. * Yet becaufe there 1s in the © 


* The words of Sir [fac Newton excel- | ‘* power and difpofition to ftir up a fen- 
tently clear and illuftrate this matter. | ‘ fation of this or that colour; for as 
“‘ ‘The homogeneal light and rays (fays | ‘‘ found in a bell, or mufical firing, or 
66 that great philofopher) which appear other founding body, is nothing but a 
‘‘ red, or rather make objets appear fo, | ‘ trembling motion, and in the air no- 
I call rubrific, or red-making ; thofe | “ thing but that motion propagated from 
which make obje&s appear yellow, | ‘ the objet, and in the fenforium tis a. 
green, blue, and violet, I call yellow- | “* fenfe of that motion under the form of 
making, green-making, blue-making, | “‘ a found ; fo colours in the obje& are 
violet-making, €%c.. And if at any time | “¢ nothing ‘but a difpofition to refle& this. 
I fpeak of light and rays as coloured, or } ‘ or that fort of rays more copioufly than 
endued with colours, 1 would be under- | “ the reft : in the rays they are nothing 
* flood to fpeak not philofophically and |“ but their difpofitions to propagate this. 
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** properly, but grofly, and according to “ or that motion into the fenforium, and 


« fuch conceptions as vulgar people would | “ in the fenforium they are fenfations of 
“ be apt to frame. For the rays, to fpeak | ‘‘ thofe mctions under the forms of co- 
‘* properly, are not coloured. In them j “ lours, Neawtom Optics ps 108, 109. 

** there is nothing elfe than a certain ica aaeeg 
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colotired body 4 certain difpofition of the fuperficial particles to fend the Putvetes. 
light reflected or refracted to our eyes, colour may aifo, in fome fenfe, be UWS, 


faid todepend upon the vifible body; and Teeretore I fhall not reje& the 

opular form of {peaking of colours, provided we may have recour{e occa- 
- fionally to the diftinction laid down. But ftill colour is fo far from being 

inherent in objects, that light itfelf produces the fenfation only as it caufes 
a determinate kind of local motion in fome part of the brain; for if the 
like motion happen from any other caufe, wherein the light is uncon- 
cerned, aman fhall think he fees the fame colour*. ‘Thus it is ufual in 
dreams to fancy we behold coloured images ; and the ftrange imaginations 
of diftraGed perfons, with theflafhings of light, and other appearances, 
upon fome diforders of the brain, farther confirm this particular. 

The like effe& may alfo be produced from internal caufes which afle& 
the optic nerve ; for I remember in myfelf that, upon coughing with vehe- 
mence, fudden flafhes of vivid fame have appeared, as it were, before 
my eyes f. Anda lady, to whomI am related, affured me, that all the 
objeéts of her fight, once, of afudden, appeared of various unufual co- 

lours, furprizingly bright and vivid ; which fymptom was,the next day, fol- 
lowed by a fit of the hyfteric difeafe. The like fymptom a phyfician alfo 
informed me he had obferved to be a certain prognoftic of the plague, in a 
feafon when that diftemper raged; but that it generally went off after 
the exhibition of an emetic. As an appearance of colour may, there- 
fore, be produced by internal motions, without the affiftance of an ex- 
ternal object ; fo the colour, which would otherwife be produced by an 
outward object, may, poffibly, be fometimes changed by a motion or new 
texture in the organ, as long as that motion or new difpofition continues. 

Thus I have often obferved, upon looking at the fun thro’ a telefcope, 
darkened fo as to make the f{plendor of that luminary fupportable, the im- 
preffion upon the retina, would neverthelefs be fo vivid and permanent, 
that if afterwards I turned the eye, therein made ufe of, towards a 


flame, it would appear of a colour very different from its natural one. . 


* *T'is certain, that whenever the fame | * colours like thofe in the feather of a 
eye is affe&ted twice alike, vifion will be | ‘* peacock’s tail. If the eye and the fin- 
the fame in both cafes ; but different when | ‘* ger remain quiet, thefe colours vanifh 
the eye is differently affe&ed. And this | * ina fecond minute of time ; but if the 
is a juft, not an imaginary, foundation for | ** finger be moved with a quavering mo- 
diftinguifhing red light from blue, yel- | ‘ tion, they appear again. Do not thefe 


low from green, &. for that is properly 
a red light which excites in us the idea - 
of red, a blue which excites in us the 
idea of blue, &c. Thefe feveral colours, 
therefore differently affe&t the eye, and 
confequently have different difpofitions. 

+ To this purpofe Sir Ifzac Newton 
{peaks thus : ‘* When a man in the dark, 
** fayshe, preffes either corner of his eye 
“* with his finger, and turns his eye away 
“* from his finger, he will feea circle of 


** colours arife from fuch motions ex- 
‘* cited in the bottom of the eye by the 
“‘ preffure and motion of the finger, as at 
*¢ other times are excited there by light 
** for caufing vifion ? And do not the mo- 
“© tions, once excited, continue about a 
“© fecond of time before they ceafe? And 
‘¢ when aman by a ftroke upon his ie 
“¢ fees a flafh of light, are not the like 
“© motions excited in the retina by the 
€ ftroke 2” Newton. Opts po 321) 3226 
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Puysres. And if I feveral times fucceffively fhut and opened the fame eye, this _ 
YN new colour feem’d changed or impaired by degrees ; tillat length the flame 
8 appeared to me of the fame colour it did to other fpectators. Te like 
efie& I have alfo found by looking upon the moon, when near the full, 
thro’a telefcope, without employing a coloured glafs to defend the eye. 
And here ’tis remarkable, that tho’ my right eye, with which I looked 
thro’ the telefcope, were thus affected by the light, yet if I fhut that eye, 
and looked upon the fame obje& with the other, it appeared of its ufual 
colour ; but if again opened and made ufe of the dazzled eye, the vivid 
adventitious colour would again return, *Tis further obfervable, that a 
vehement blow upon the organ of vifion, efpecially if it be naturally weak, 
may for a long time vitiate the aGtion of vivid obje&ts. I know a lady of 
unqueftionable veracity, who having, by a defperate fall, received feveral 
hurts, and particularly a confiderable one near her eye, had her fight fo 
difordered, that the next morning, when one of her fervants came to 
her bed-fide, his clothes appeared adorned with fuch a variety of dazzling 
colours, as prefently obliged her to command him to withdraw ; and even 
the images in her hangings did, for many days after, appear toher, if 
the room were not greatly darkened, embellifhed with feveral offenfively 
vivid colours, which nobody elfe could fee in them. She faid alfo, that 
fhe fometimes thought fhe faw colours fo new and glorious, that they were 
of a peculiar kind, and fuchas fhe could not defcribe, by their likenedfs, 
to any the had feen either before or fince ; and that white objeGs greatly 
difordered her fight; that for feveral days after her fall, if fhe looked up- 
on the infide of a book, fhe fancied, fhe there faw colours like thofe of a 
rainbow. And even when fhe feemed pretty well recovered, and left her 
chamber, happening to come into a place where the walls were white, 
they appeared to her of fuch dazzling colours as much offended her 
fight. She added, that this diforder of her eyes lafted for five or fix 
weeks; tho’ fince that time fhe hath been able to read and write confide- 
rably, without finding the leaft inconvenience. A man of great learning 
coming to advife with me about a diftemper in his eyes, told me, that hav- 
ing once looked too attentively upon the fun thro’ a telefcope, without a 
dark Jen the excefs of light fo ftrongly affected his eye, that ever fince, 
when he turns it towards a window, or any white objeG@, he fancies he 
fees a globe of light about the fame bignefs the fun then appeared to him; 
tho’ it were now ten years fince he firft obferved it. “I'were eafy from 
fome remarkable fymptoms, obferved by Epiphanius Ferdinandus, in per- 
fons bitten by the tarantula, to fhew, that without any change in the 
object, an alteration in the inftrument of vifion may, for a great while, 
make fome colours appear delightful, and others difagreeable, and both. 
to a high degree ; tho’ they had no fuch effe@ts before. But thefe already 
mentioned may fuffice for our prefent purpofe. 

We before obferv’d, that colour may, notwithftanding all this, be 
eonfider d as a quality refiding in the body faid to be colour’d; and indeed. 
~moft of the following experiments refer to it principally under that notion. 

ae | For 
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For there is in colour’d bodies, and chiefly in their fuperficial parts, a certain Puysrcs. 
difpofition whereby they difturb*the light that comes from them to our LYN 
eye, foas to make that diftin@ imprefiion, upon whofe account we fay 

the vifible body is either white or black, red or yellow. But becaufe we 

fhall hereafter more fully thew, that the changes, and confequently the 
production and the appearance of colours often depend upon the continua- 

tion or alteration of the texture of the object, we fhall here previoufly in- 

timate two or three particulars relating to this matter. And firft, it is Whether colours 
not without reafon, that I afcribe colour chiefly to the fuperficial parts of (in4 Won the 


bodies ; for, not to examine how plentifully opake corpuicles may aboun 


even in thofe bodies we call diaphanous, ‘it is plain, that we fee little 
elfe than the fuperficies of dark objeéts; for if we found the rays of light 
reflected from the object, pierc’d deep into the body, we fhould not judge 
it opake, but either pellucid or femi-diaphanous ¢ - 

The f{chools feem to teach, that colour is a penetrating quality, reach- 
ing to the innermoft parts of the obje@; as if a piece of fealing- 
wax be broken into ever fo many pieces, the internal fragments will 


be as red as the external furface. 


This is indeed a particular example ; 


but it will not overthrow the foregoing doétrine ; efpecially fince other 
examples of a contrary nature may be alledged. And two or three 
negative inftances are fufficient to overthrow the generality of a pofitive 
rule; at leaft when that is built but upon. one, or a few examples. Not 


- then to mention cherries, plums, @c: wherein the skin is of one colour, and 


the infide of another ; I thall offer an inftance or two of the colours of durable 
bodies, that: are thought tolerably homogeneous, and whofe parts are 


neither organical, 


¢ 


nor of a nature approaching thereto. And firft, I 


need only repeat, that blue, red, and yellow may be produced upon 


a piece of temper’d fteel: for thefe 


colours, tho’ very vivid, yet if you 


break the metal they adorn, will appear to be fuperficial; not only the 
innermoft parts of the fteel, but thofe within a hair’s breadth of its fuper- 
ficies, having none of thefe colours, but retaining that of the metal itfelf. 
Secondly, we melted a large quantity of pure lead with a flrong fire; then 
Immediately pouring it into a clean iron veflel, and carefully and nimbly 


* It follows from Sir I/zac Newton’s.dif- 
coveries, relating to light and colours, that 
all the produ@&ions and appearances of 
them in the world are derived not from 
any phyfical change eaufed in light by: 
refraction or reflection, but only from the 
various mixtures or feparations of rays, 
by virtue of their different refrangibility 
or reflexibility. And in this refpeét, fays 
that great author, “‘ the fcience of co- 
“ Tours becomes a fpeculation as truly. 
** mathematical as ony part of optics, fo 


“ far as they depend on the nature of 


“ light, and are not produced or altered. | 


* by the power of imagination, or by 
“¢ ftriking or prefling the eye.” Newton. 
Optic. p. 219, diye Shi 

+ Perhaps all: opake: bodies, when re- 
duced: fufficiently thin or fine, will ap- 
pear tranfparent, if viewed againft the 
light. ‘This evidently happens, when .me- 
tals are diffolved in proper menftrua ; 
when gold is beat thin ; when ink afcends 
in flender glafs tubes; when an opake 
ftone, or other obje&, is viewed thro’ a 
hole made in. the window-fhutter of. a 
dark room,, &%:.. 
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Paysrcs. taking off the fcum, we perceiv’d the fmooth glofly furface of the melted 
LsV™/ 


matter to be adorn’d with a very delightful colour, which almoft imme- 
diately gave place to another vivid one, that was as immediately fucceeded. 
by a third, and this by a fourth. Thus thele wonderfully vivid colours fuc- 
cefively appear’d and vanifh’d, tll the metal cooling, put a ftop to this 
pleafant fight ; tho’ the colours which chanced to adorn the furface, when 
the lead began to cool, yemain’d upon it, but avers fo fuperficial, that 
how little foever we feraped off from the furface of the lead, all the colour 
came away, and difcovered only that which is natural to the metal. But 
unlefs lead be brought to a very high degree of fufion or fluidity, the phe- 
nomena will fcarce appear. However, the fame colours did neither always, 
nor regularly, fucceed one another, as is ufual in fteel ; but in the fol- 
lowing diverfify’d order, which patled fo fuddenly, that I was fcarce able 
to commit it to paper ; blue, yellow, purple, blue, green, purple, blue, yel- 
low, red, purple blue, yellow and blue, yellow, blue, purple, green mix d, 
yellow, red, blue, green, yellow, red, purple, green. To the fame purpofe I 
might add, that viewing a {phere of rock cryftal, which was fawn afunder 
by a lapidary, and expofing the flat furfaces to the fun beams, the little par- 
ticles that, notwithftanding their feeming {moothnefs in the fhade, render d 
their furfaces rough, fo refraéted and reflected the light, as to exceed the 
vivid colours of the rainbow ; but in an interrupted order, fometimes on 
one part of the furface, fometimes on another, as it happen’d to be fituated. 
with regard to the fun. And having caufed a fine-grain’d touch-ftone 
to be fawn afunder by the fame artificer, I obferved upon the new furfaces, 
tho’ to the touch they feem’d {mooth and polifh’d, the vivid colours, as 
above-mentioned, according as the furfaces were put into various pofitions, 
in refpe& of the fun and the eye; fo that, notwithftanding the great 
tranfparency of the cryftal, and the great opacity of the touch-ftone, 
their fuperficial corpufcles were found fit to exhibit the vivid colours we 
admire in the rain-bow. 

The atomifts of old, and fome learned men of late, have attempted to 
explain the variety of colours in opake bodies from the various figures of 
their fuperficial parts. ‘The attempt is indeed ingenious, and the doctrine 
feems partly true; but I confefs other things appear to me neceflary to be 
taken in, as contributing to thofe different forms of afperity whereon the 
colours of opake bodies depend. But in order to prove it, we muft aflume, 
that the furtaces of all fuch bodies, how fmooth foever they may appear 
to our fight and touch, are only foin a popular, or a phyfical fenfe. ‘The 
truth hereof is evident from the ufe of microfcopes, which fhew us in 


many bodies, that feem {mooth to our naked eyes, little protuberancies 


rifing above that which may be conceiv’d to be the plain of the furface ; 
as alfo numerous depreffions beneath that level. And of this fort of ca- 
vities we have, by the help of an excellent magnifier, on the furface of a 
thin piece of cork, that appeared {mooth to the eye, obferv'd fixty in a 
row, within the compa{s of that glafs, tho’ not above +> of an inch; 
and thefe too, which made that little piece of cork look almoft like an 


empty 
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empty honey-comb, ‘were not only very diftin&, and of fimilar figures, Puysics. 
but confiderably large, and prodigioufly deep ; fo that their diftin@ fha- UWS 
dows and fides were very confpicuous, and eafily to be reckoned, and | 
might have been well diftinguifhed, had they been ten times lefs than they 
were : whence we may make fome eftimate, what a ftrange inequality, 
and what a multitude of little fhades there may really be in a fearce fen- 
fible part of a phyfical fuperficies, tho’ they remain invifible to the naked 
eye. There are alfo feveral experiments which confirm the fame thing in 
other like fubitances: fo that every fenfible part of an opake body, may 
be conceiv’d to confift of a multitude of corpufcles fingly infenfible. 
But in giving thefe furfaces a difpofition to alter the light refleted 
thence to the eye, after the manner requifite to make the obje& appear 
colour’d, the figures of thefe particles have a great, tho’ not the only fhare. 
“Tis true indeed, that the protuberant particles may be of very various 
figures, {pherical, elliptical, conical, Wc. according to the nature whereof, 
and the fituation of the lucid body, the light muft be varioufly affected ; 
as, after one manner from furfaces confifting of fpherical, after another 
from thofe made up of conical or cylindrical particles ; fome being fitted 
to reflect more of the incident rays * of light, others lefs; and fome to- 
wards one part, others towards another. But befides this difference of 
figure, many other things may greatly concur to vary the forms of afpe- 
rity, whereon colours have fo great a dependance: for allowing the figure 
of the particles, the fuperficial ones may be bigger in one body, and lefs 
in another ; and confequently fitted to allay the light falling on them 
with greater fhades. The protuberant particles may alfo be fet ata 
greater or a fmaller diftance from one another in different parts; and how. 
thefe qualities may ferve to produce colour, we may guefs from what hap- 
pens in the agitation of water; for if the bubbles that are thereby made, 
be large and few, the water will fcarce acquire a fenfible colour; but if 
it be reduced to a froth, which confifts of bubbles very minute, and conti- 
guous to each other, it exhibits a very manifeft whitenefs. Befides, it is 
not neceflary that the fuperficial particles which exhibit one colour, fhould 
be all of the fame fhape ; but different figures may be mixed upon the 
furface of the opake body: as when the corpufcles that make a blue 
colour, and thofe that make a yellow, come to be accurately and skilfully 
united, they afford a green; which tho’ it feem one fimple colour, yet in 
this cafe appears to be made by the union of corpufcles of very different 
kinds. Moreover, the figure and magnitude of the little deprefftons, cavi- 
ties, furrows, or pores, intercepted betwixt thefe protuberant corpufcles, 
are as well to be confider’d, as the fizes and fhapes of the corpufcles them- 


* Sir I/aac Newton proves, that the caufe | refle&ting body, but by fome power of the 
of reflexion is not the impinging of light | body which is evenly diffufed all over its 
on the folid or impervious parts of bo- | furface, and by which it a&s upon the 
dies, as is commonly fuppofed; and makes | ray, without immediate conta&t, Newton 
it probable, that the refiexion of a ray | Optic, p. 237-241. ; 
is effeed not by a fingle point of the t : 
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felves. For we may conceive the phyfical fuperficies of a body to be 
horizontally cut by a mathematical plain ; and then, as fome parts of that 
phyfical fuperficies will be protuberant, or {well above the plain, fo others 
may be depreffed beneath it. Thus in many places of the earth’s furface, 
there are hills, trees, (7c. rais’d above the horizontal level of the valley ; 
and rivers, wells, pits, and other cavities, deprefled beneath it. And that 
fuch protuberant and concave parts of a furface may remit the lights fo ditfe- 
rently as greatly to vary a colour, we fhall fee hereafter. But at prefent 
it may fuflice to fay, that the ditterent degrees or kinds of alperisy in the 
two flat fides of the fame piece of red marble, the one whereot is polithed, 
and the other left rough, will fo diverfify the light reflected from the feveral 
different plains to the eye, that a painter would employ two different colours 
toreprefent them. ‘The fituation alfo of the fuperticial particles is confide- 
rable. This I diftinguifh into the pofture of the fingle corpufcles, in 
refped of the light, and of the eye ; and the order of them in regard to 
one another: for a body may refleét the light otherwife, when its fuper- 
ficial particles are more erect upon the plain conceiv’d to.pafs along their 
bafis ; and when the extremities of fuch particles are obverted to the eye, 
than when thofe particles lie fo inclined, that their fides are in great 
meafure difcernible. 'Thus the colour of plufh or velvet will appear va- 
rious, if you ftroak part of it one way, and part another; the pofture of 
the particular threads in regard to the light, or the eye, being thereby 
varied. And ’tis obfervable, that in a field of ripe corn, blown upon by 
the wind, there will appear waves of a colour different from that of the 
reft of the corn; becaufe the wind, by depreffing fome of the ears more 
than others, caufes one to reflec more light from the lateral and ftrawy 
parts than another. ‘Thus when dogs are fo.enraged, as to ere& the hairs 
upon their necks, and other parts of their bodies, thofe parts feem to ac- 
quire a colour different from that of the fame hairs, when, in their ufual 
pofture, they lay more inclined. And that the order wherein the fuper- 
ficial corpufcles are ranged is confiderable, we may guefs by the turning of 
water into froth, the beating of glafs, and the fcraping of horn ; in which 
cafes the corpufcles that were before fo marfhall’d, as to be tranfparent, 
become, by a difturbance of that order, difpofed to ftop and reflect more 
light, and thereby to appear whitifh. i 
_ There are alfo other ways wherein the order of the protuberant parts, 
in regard to the eye, may ereatly contribute to the appearance of a parti- 
cular colour : for I have often obferved, that when peafe have been planted 
or fet in parallel lines, and are fhot up about half a foot above the furface 
of the ground, by looking on the field where they grew along the lines 
they ftood in, much the greater part of the eround appeared of its own 
dirty colour ; but if I view’d the field tranfverfly, it would appear very 
green ; the upper parts of the peafe concealing the intercepted parts of the 
ground from the eye. And perhapseven the motion of the {mall parts af 
a vifible obje& may in fome cafes contribute, tho’ it be not eafy to fay 
how, to the production or variation of a colour: for I have feveral eins 
made 
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made a liquor, which, when well fettled ina clofe vial, is tranfparent Puystcs. 

and colourlefs ; but as foon as the glafs is unitopped, begins to fly away \ 

very plentifully in a white, opake fume: and there are other bodies, whofe 

fumes, when they fill a receiver, would make one fufpect it contain’d 

milk ; and yet thefe fumes become a liquor that is not white, but tran{- 

parent. And fuch white fumes I have feen afforded by unftopping a liquor, 

which is itfelf diaphanous and red; nor are thefe the only inftances of 

this kind that our experiments.can fupply us with. And if the fuperficial 

corpuicles be of the groffer fort, and fo framed, that their differing fides 

may exhibit differing colours, then the motion or reft of thofe corpuicles 

may be confiderable, as to the colour of the {uperficies they compofe ; be- 

caufe fometimes more, fometimes fewer of the fides difpofed to exhibit fuch 

a colour, may by this means become or continue more obverted to the eye 

than the reft, and compofe a phyfical furface more or lefs fenfibly inter- 

rupted. “hus I remember, that in fome forts of plants, whofe leaves. were 

thick fet by one another, and the two fides of each leaf of a fomewhat dife- 

rent colour, there would appear a notable difference in their colour, if look’d 

upon, firft when the leaves being at reft, had their true upper fides obverted 

to the eye ; and again, when a breath of wind pafling thorough them, made 

great numbers of the fides of the leaves, that are ufually hidden, become 

con{picuous. And tho’ the little bodies above-mentioned, may fingly and 

a-part feem almoft colourlefs ; yet when many of them are placed by one- 

another fo near, that the eye does not difcern an interruption in a fenfible 

fpace, they may exhibit a colour: as we fee, that tho’ a flender thread of 

dy d {carlet filk,whilft look’d on fingly, feems almoft quite devoid of rednefs; 

yet when numbers of thefe threads are brought together into.a skein, that 

colour then becomes glaring. And in changeable taflaties, where we fee 

differing colours arife and vanih upon ruffling the fame piece of filk; ] 

have often, with pleafure, obferved, by means of a.convenient microfcope, 

their component threads to pafs under and over each other, in almoft in- 

numerable points: and if I thus look’d upon any confiderable portion of 

the ftuff that, for example, appeared red to the naked eye, I could plainly 

fee, that in fuch a pofition the red threads were con{picuous, and re- 

flected a vivid light : and tho’ I could alfo perceive.that there were green 

ones, yet, by reafon of their difadvantageous pofition in the phyfical 

furface of the filk, they were in part hid by the more protuberant threads 

of the other colour; and, for the fame reafon, the reflection from as much 

of the green as was difcover'd, appear’d but dim and faint. And if, on 

the contrary, I look’d thro’ the microfcope upon any part that appear’d 

green, I could plainly fee the red threads were lefs fully expofed to the 

eye, and obfcured by the green ones, which, therefore, made the predomi- 

nant.colour. And by obferving the texture of the filk, I could eafily fo 

expofe the threads either of the one colour or the other to my eye, as at 

pleature to exhibit the appearance of red or green, or make thofe colours 

fucceed each other :: fo.that, obférving their fucceffion, I could mark how 

the predominant ‘colour ftarted ‘up, when the threads that exhibited it; 
ox. IT. C | came 
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Puysics. came to be advantageoufly placed ; and by making little folds in the 
LV taffaty, the fides that met, andterminated in them, would appear to the 
naked eye, the one red, and the other green. And when threads of 
more than two differing colours chance to be interwoven, the refulting 
changeablenefs of the taflaty may alfo be fomewhat different. And per-— 
haps it were proper to try whether the microfcope would give us the 
reafon of the variablenefs of colour, that is fo confpicuous in mother of 
pearl, opals, Gc. *Tis true indeed, that what I here propofe concerning 
the different forms of afperity in bodies, whence the incident light either 
comes to be refleéted with more or Jefs of fhade, and with that fhade 
more or lefs interrupted, or happens to be otherwife modify’d, is but 
conjectural ; yet I am apt to fufpect, that if we had perfet microfcopes *, 
we might difcern in the phyfical furfaces of bodies, both a great many 
latent inequalities, and the particular fize, figure, and fituation of the 
extremely little bodies that caufe them; and perhaps might perceive, 
among other varieties, how thofe little protuberances and cavities interrupt 
and dilate the light, by mingling with ita multitude of very fmall hades, 
fome of them more, and fome lefs minute ; fome lefs, and fome more 
numerous, according to the nature and degree of the particular co- 
lour we attribute to the vifible objeé&t. ‘Thus with good telefcopes we 
can difcern many hills and vallies in the moon, whereof fome are more, 
and others lefs ttrongly illumin’d ; whilft thefe havea fainter, and thofe 
a deeper fhade: tho’ the naked eye can difcern no fuch things in that 
planet. Thus alfo, where the naked eye could only fee a green powder, 
a microfcope enabled us to difcover particular granules, fome of a blue, 
and fome of a yellow colour; tho’ we had before caufed them to be ex- 
quifitely mixed, to compound a green. And here, to confirm what we 
have delivered, as to the poffibility of difcerning the different forms of 
afperity in the furfaces of bodies of feveral colours, I thall adda re- 
markable relation which I had from Dr. Finch, anatomitt extraordinary 
A blind man, to the great duke of Tufcany. "This gentleman told me, that he faw a blind 
in halig ie man at Maeftricht, in the Low Countries, who at certain times could diftin- 
ionshs = guifh colours by the touch with his fingers. This appear’d fo extraordi- 
nary tome, that I freely propofed many fcruples concerning it to the 
doctor ; and particularly inquired, whether care were taken to prevent 
the man from ufing his fight in the cafe, if he had any: but, upon the 
whole, I found the doétor had been very cautious and circum{pect, to - 
prevent being impofed upon herein. And, that he might not, thro’ any 
mniftake in point of memory, mifinform me, he prefented me the notes he 
took for his own ufe; the fubftance whereof is as follows. The name 
of the man was Yohu Vermaafen, at that time about thirty-three years of 


ti Sir Ifaac Newton feems to be of opi- | difeover all the particles of bodies on 
nion, that microfcopes may be fo far im- | which their colours depend, except thofe 
proved, if they are not, in fome degree, | of black fubftances, which he fhews to” 
already arrived at that perfection, as to | be the moft minute, Newton Optic. p. 2360 
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age, who, when he was two years old, had the {mall pox, which render’d Puysics. 
him abfolutely blind, tho’ he is at prefent an organift in a public choir. UWS 
"The doétor difcourfing with him over night, the blind man affirmed, that | 
he could diftinguifh colours by feeling, but not unlefs he were fafting ; 
for that any quantity of drink deprived him of that exquifite touch which 
is requifite to fo nice a fenfation. Upon this, the doctor provided againit 
the next morning feven pieces of ribbon of thefe feven colours, black, 
white, red, blue, green, yellow, and grey ; but as for mixed colours, this 
Vermaafen would not undertake to difcern them ; tho, if offer’d, he could 
tell that they were mixed. To difcern the colour of the ribbon, he 
places it betwixt his thumb and his fore-finger, but his moft exquifite per- 
ception is in his thumb, and much better in the right than in the left. 
After the man had four or five times told the doctor the feveral colours, 
whilft a napkin was tied over his eyes, the doctor obferved he twice 
miftook, for he called the white black, and the red blue; but ftill before 
his error, he would lay them by in pairs, faying, that tho’ he could eafily 
diftinguifh them from all others, yet thofe two pair were not eafily diftin- 
guifhable from one another. ‘Then the doctor defired to know what kind 
of difference he found in colours by his touch. ‘To which the blind man 
reply’d, that all the difference he obferved, was a greater or lefs degree 
of afperity {; for, fays he, black feels like the points of needles, or fome 
harfh fand, whilft red feels very {mooth; that black and white are the 
moft rough, or unequal, of all colours, and fo like, that tis very hard to 
diftinguifh them; but black the rougheft of the two: that green is next 
in afperity ; grey next to green; yellow the fifth in degree of afperity ; 
red and blue fo alike, that ‘tis as hard to diftinguifh between them as 
between black and white, tho’ red be fomewhat more rough than blue; 
fo that red has the fixth place, and blue the feventh in afperity. To this 
information the deétor was pleafed to add the prefent of three of thofe 
very pieces of ribbon, whofe colours, in his prefence, Vermaafex had 
diftinguifhed ; pronouncing the one grey, the other red, and the third. 
green; which I keep by me as rarities. Before I faw the notes from 
whence this account is taken, I confefs I fufpeéted this blind man might have: 
thus diftinguifhed colours rather by the {mell than by the touch ; fot fome 


+ The different magnitudes of the parts | fenfe of feeling. Sirl/, Newton well obferves, 


of coloured bodies, whereon their different 
colours, according to Sir Ifaac Newton's 
theory, depend, appear to be too minute 
for the fenfe of feeling to take notice of. 
‘This fenfe, indeed, may, by great degrees, 
be more exquifite in one man than in 
another; and, if is could be fuppofed 
equal, or nearly equal to that of fight, 
which perhaps is only a finer degree of 
touch, this different afperity might, fup- 
pofing the truth of the relation, become 
denfible to one, poffeffed of an exquifire 


C2 


that there is a harmony and difcord of 
colours, which he feems to think arifes 
from the proportions of the vibrations 
propagated. thro’ the fibres of the optic 
nerve into the brain, asthe harmony and 
difcord of founds arife from: the propor- 
tions of the vibrations of the air. For 
feme colours, if they be viewed together, 
aré agreeable to one another, as thofe of 
gold and indigo, and others difagree. 


See Neaiow Optics pe 320. 
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: . of the ingredients employ’d by dyers, have different and ftrong fcents, 
er which a reir nice sole mitt ditineuith’ and this I the rather fuipected, 
becaufe he required that the ribbons he was to judge of, fhould be offer’d 
him in the morning fafting; for I have obferved in fetting-dogs, that the 
feeding of them greatly impairs their fcent. And, indeed, I could wifh for 
the opportunity of examining this man myfelf, about many particulars 
which I do not find to have been yet thought upon. And tho’ it be not 
incredible, that fince the liquors. ufed by dyers.are qualified to give a 
colour, by multitudes of little corpufcles of the pigment diflolved and ex- 
tracted by the fluid wherein they float, thofe corpufcles of colour infinu- 
ating themfelves into, and filling up the pores of the body to be dyed, may 
give a greater or lefs roughnefs to its fuperficies, according to the bignefs 
and texture of the particles of the pigment; yet I can fcarce believe that 
this blind man could diftinguifh all the colours he did, merely by the rib- 
bons having more or leds of afperity: but the forms of it might alfo affift - 
him herein, tho’ thefe would perhaps have been very difficult for him to 
defcribe ; becaufe thofe minute differences having not been taken notice 
of by men for want of a touch fufficiently exquifite, are things he could 
not have exprefled intelligibly. Thus under the name of fharp, fweet, 
and four, there are abundance of peculiar intermediate-relifhes, or taftes, 
in different forts of wine ; which tho’ critical and experienc'd palates eafily 
difcern, yet the judges cannot have their idea’s convey d to others; fuch 
minute differences not having hitherto any diftin¢ét names affign’d them. 
And it feems that there was fomething here in the forms of afperity re- 
quifite to the diftin€tion of colours, befides the degree of it; fince this man 
found it fo difficult to diftinguifh black and white from one another, tho’ not 
from other colours. For I might urge, that he {eems to contradiét him- 
felf about the red, which in one place he reprefents as fomewhat more 
rough than the blue, and in another. very {mooth ; but becaufe he {peaks 
of this {moothnefs in that place: where he mentions the roughnefs of 
black, we prefume that he meant but a comparative {moothnefs: how- 
ever, he found it difficult not only to diftinguifh red and: blue, but: black 
and white from one another, tho? not from other colours. And indeed, 
tho’ in the ribbons offer’d him, they might be almoft equally rough, yet 
in fuch minute corpufcles as thofe of colour, there may eafily be con- 
ceived nct only a greater clofenefs of parts, a want of protuberant 
corpufcles, and little extant particles otherwife figured and ranged 
in the white than in. the black ; but the cavities alfo may be much 
deeper in one than in the other. And perhaps, where the particles. are fo 
exceeding flender, we might allow the parts expofed to the fight and touch 
to be a little convex in comparifon of the ereét particles of black bodies; as 
if they were wires many. times flenderer than a hair, for whether you fup- 
‘pofe them to be figured like needles, or cylindrically like the hairs of a 
brufh, with hemifpherical tops, they will be fo very flender, and confe- 
quently the points both of the one fort and: the other, fo very fharp, that 
an exquifite touch will be able to obferve no greater difference between 
| | | them, 
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them, than that which our blind man allowed, when, comparing black “Puystcs. 
and white bodies, he faid, that the latter were the lefs rough of the two. UA'YW™RY, 
Nor is every kind of roughnefs, tho’ fenGble, inconfiftent with white- | 
nefs, for the phyfical fuperficies of a body is fometimes made, by the fame 
operation, both rough and white; as when the level furface of clear wa 
ter being agitated and made rough, with a multitude of unequal bubbles, 
thereby acquires a whitenefs; and as a finooth piece of glafs by being 
{cratched with a diamond, difclofes the fame colour. This minutenefs and 
figure of the extant particles being fuppofed, the depth of the little cayj- 
ties intercepted between the extant particles, without being fo much 
greater in black bodies than in white ones, as to be very perceptible to the 
grofs organs of touch, may be vaftly greater with regard to their difpofi- 
tion of reflecting the fubtile rays of light. For in black bodies thofe {mall 
intercepted cavities, and other depreffions, may be fo figured, {o narrow 
and fo deep, that the incident rays of light, which the more extant parts of 
the phyfical fuperficies are difpofed to reflect inwards, may be detained 
there, and prove unable to emerge; whilft in a white body the flender 
particles may not only, by their figure, be fitted to refle@ the light co- 

ioufly outwards, but the intercepted cavities being fhallow, and perhaps 
Pe onthor wide, the bottoms of them may be fo conitituted, as to be fit 
to reflect outwards much of the light that falls upon them. 

There is no neceffity of concluding, from the blind man’s relation, that 
tho’, according to his touch, black was the rougheft, as it is the dar- 
keft of colours, that therefore white, which is the lighteft, fhould alfo be 
the {mootheft ; for he makes yellow to be two degrees rougher than 
blue, and as much {moother than green ; tho’ yellow not only appears to 
the eye a lighter colour than blue, but we fhall hereafter fhew, that yel- 
low reflects much more light than blue, and manifeftly more than green ; 
which feems to ftrengthen our conjecture, that there was fomething in ~ 
the kinds of afperity, as well as in the degrees of it, that enabled Yer- 
maafen to diftinguifh colours ; and, at leaft fhews, that we cannot, in all ca- 
fes, from the bare difference in the degrees of afperity in colours, fafely 
conclude that the rougher refleéts the leaft light. [hus much, however, 
we gain from the teftimony of this blind man, that fince many colours 
may be felt with the circumftances above related, the furfaces of fuch co- 
loured bodies mutt certainly have different degrees, and in all probability 
diferent forms, or kinds of alperity belonging to them ; which is all the 
ufe I here defigned to make of the hiftory of this blind man : for hence it 
fufficiently appears, that colour greatly depends upon the difpofition of 
the fuperficial parts of bodies, and, probably, wherein fuch a difpofition. 
principally confifts *. : 

ut 


* The permanent colours of natural | * ton, refle&s the leaft refrangible, or 
bodies arife from hence, that fome fuch | “ red-making rays moft copioully, and 
bodies refle& fome forts of rays, and o- | “ thence appearsred. Violets refle& the 
thers other forts more copioufly than the | ** moft refrangible, moft copioufly, and 
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Experiments and Obfervations 


the caufes of the feveral forms of afperity, that may 
£ coloured bodies, will, perhaps, afford us fome 
feveral of the ways whereby “tis poffible to 
{udden changes of colours, we fhall hereafter find in our 
for moft of thofe phenomena being produced by means of 
generally abound with very minute, active, and vari- 


oufly figured faline corpufcles, they may well very fuddenly alter the tex- 
ture of the body they are employed to work on; and fo change their 
form of afperity, and thereby make them reflect to the eye the light that 
falls on them, after another manner than they did before, and by that 


means vary the colour fo far as it depends upon the texture or difpofition 


» +€¢ 


other bodies. Every body refle&ts the 
rays of its own colour more copiouily 
than the reft, and from their excefs 
and predominance in the reflected light 
has its colour.——Every body appears 
moft fplendid and luminous when view- 
ed in the light of its owncolour. Cin- 
nabar, in the homogeneal, red, prifma- 
tic light is moft refplendent, in the 
green light it is manifeftly lefs refplen- 
dent, and in the blue light ftill lefs. 
Indigo in the violet blue Jight, is moft 
refplendent, and its fplendor is gra- 
dually diminifhed, as it is removed 
thence by degrees thro’ the green and 
yellow light tothe red. By a leek 
the green light, and next that the blue 
and yellow, which compound green, 
are more ftrongly refle&ted than the 
other colours, red and violet, &c. But 
to make thefe experiments the more 
manifeft, fuch bodies ought to be cho- 
fen as have the fulleft and moft vivid 
colours, and two of thofe Bodies are 
to te compared together. Thus, for 
inftance, if cinnabar and ultramarine 
blue, or fome other full blue be held 
together in the red homozgeneal light, 
they will both appear red, but the 
cinnabar will appear of a ftrongly lu- 
minous and refplendent red, and the 
ultramarine blue, of a faint, obfcure, 
and dark red ; and if they be held to- 
gether inthe blue homogeneal light, 
they will both appear blue, but the ul- 
tramarine will appear of a ftrongly lu- 
minous and refplendent blue, and the 
cinnabar of a faint and dark blue; 
which puts it paft difpute, that the 
cinnabar refle&s the red light much 


** more copioufly than the ultramarine. 


of 


doth, and that the ultramarine reflects 
the blue light much more copioufly 
than the cinnabar doth. 'The fame expe- 
riment may be made fuccefsfully with 
red lead and indigo, or with any other 
two coloured’ bodies, if due allowance 
be made for the different ftrength or 
weaknefs of their colour and light. 
And fince thefe refle&ed lights, which 
differ in colour, differ alfo in degree 
of refrangibility, it’s certain that fome 
bodies refle& the more refrangible, 
and others the lefs refrangible rays 
more copioufly ; and that this is the 
only reafon of thefe colours, appears 
from hence, that the colour of homo- 
geneal light cannot be changed by the. 
reflexion of natural bodies. For if 
bodies, by reflexion, cannot in the 
leaft change the colour of any fort of 
rays, they cannot appear coloured by 
any other means, than by reflecting 
thofe which are either of their own 
colour, or which, by mixture, muft 
produce it. But in making experi- 
ments of this kind, care muft be had 
that the light be fufficiently homoge- 
neal.” Newton Optic. p. 1§6——158. 

“‘ In tranfparently coloured liquors, 
‘tis obfervable, that their colour ufes 
to vary with their thicknefs. ‘Thus a 
red liquor, in a conical glafs, held be- 
tween the light and the eye, looks of 
apale and dilute yellow at the bot- 
tom where ’tis thin, and a little higher 
where ’tis thicker, grows orange ; and 
where tis ftill thicker, becomes red ; 
and where ‘tis thickeft, the red is , 
deepeft and darkeft. For it is to be 
conceived, that fuch a liquor ftops the 
indigo-making and violet-making er 

mo 
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i , ect : ! lutely exclude all other Puysics. 
| ifible parts of the obje& ; for Ido not abfolutely | 
ies ee . shod fying the rays of light, between. their parting from ee lu- 
cid fad y and their reception into the common organ of gent ES 
théré feem to be feveral ways whereby liquors oti ae ay a 
, ly touch upon atew. And, ; 
colour of one another, but I fhall only a so Al Eat 
{cles that compofe a hquor may eafily infinuate ; 

eorchote dates of bodies here their oh and. nate adapt eee ae 

: | ; In whic 
thefe pores they may either exactly or inadequately fill ; aes 
cafe they will, for the moft part, alter the number and figure, buta cat i 


| c « c i muft appear red, and 
“* moft eafily, the blue-making rays ati rf Ep planes 3 pres jt Ri ty Weel ake 
« difficultly, and the Bile ick ta ‘and aie muft that red be. And at 
66 difficultly ; and that if the thic Ve “ fich depths as the violet-making rays 
“* of the liquor be only fo much as sre rk ow rs {earce penetrate to, the blue mnal. 
“* ces to ftop a competent number of the . a reen-making and- yellow-mak- 
Pe violet-making and indigo-making rays, i ee 8 s being refle&ed from’ below 
“without diminifhing much the num- «< aoe manigutts than the red-making 
“* ber of the reft, the reft muft a “ ones, mu compound a green. Now 
“a pale yellow. But if the liquor be aE ip dave two liquors of full co- 
“¢ fo much thicker, as to ftop alfoa great ONE. ipdteta, Ged width blue, and 
** number of the blue-making rays, and eoharh” atthe fo thick as faflices to 
*© fome of the green-making, the reft muft “ make their colours fufficiently full, 
oe fegbound snvoringe sand where it is ‘* tho’ either liquor be fufficiently tranf- 
** fo thick as to ftop alfo a great number © parent a-part, yet will you not be able 
vc Op the green-making, and a confidera- | * eccfeodation aid together ; for if only 
** ble number of the yellow-making, she “ the red-making rays pafs thro’ one li- 
;, reft muft begin to compound a red, ** guor, and only the blue-making thro’ 
eee re ee Nees ah “ a other, no rays can pafs thro’ both. 
(, darker, as the yellow-making an “ This Dr. Hook tried cafually with glafg 
“* orange-making raysare more and Gf ** wedges, filled with red and blue li- 
** flopped by the increafing thickne ref Fe age was furprized at the event. 
1. ihe liquor ; fo that few rays befides «Now whilit bodses become coloured, 
ee peercd waitin Sit alae it ly 1 © by refle@ing or tranfmitting this or 
‘* Of this kind is an experiment sce? rr svt fort of rays more copioufly than 
peleted tome jh Speed ui 9 “‘ the reft, it is to be conceived that 
“Ing deep into the fea in‘a me ak a “ they flop and ftifle in themfelves the 
«(eh found, in a clear funfhine we | 46 ox : i i they do not refle& or tranf- 
“* that when he was funk many fathoms : y For if gold be foliated, and-held 
, oeep into the water, the upper Pe oeet ‘< Baibabn the eye and the light, the 
“his hand, on which the fun fhone ay i light looks of a greenifh blue; and 
“ rely thro” the sso nian rata ‘ eletih mafly gold lets into its body 
ve Tall flefe-window in the velfel, like “the blue-making rays, to be reflected 
ie that of a Semel rote And Jud Pane * toand fro within it, till they be ftop- 
, below and the under part of his hand “¢ ped and ftifled, whilf it refle&ts the 
illuminated se Borin totic ie aie nk yellwtrddchae outwards, and thereby 
water below, looked oN We ouiiel & igh ellow. And much after the 
«, whence it may be gathered, that the b cithhedceaaniateas leaf-gold is yellow 
“ fea-water refle&s back the violet and “ by refleed, and blue by tranfinitted 
“ blue-making rays moft eafily, and lets ‘i hohe aad mafly gold is yellow in all 
«, the red-making pals oft ‘freely-and 6 sii of the eye; there are fome 
“ copioufly to great depths ; for there- fies Mie lew as the tincture of Lignum Ne- 
** by the fun’s dire& light, at all great | ms te | and fome forts of glafs, 
““ depths, by reafon of the predominating iii Soba ide ‘6 which 
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the magnitude of the former pores. And in what capacity foever thefe 
corpufcles of a liquor come to be lodged or harboured in fuch pores, the ' 
furface of the body will commonly have its afperity altered, and the in- 
cident light, that meets with a grofler liquor in the little cavities that be- 
fore contained nothing but air, or fome more fubtile fluid, will have its 
rays either refrated, abforbed, or refleéted more or lefs irregularly than 
if the body had been dry. ‘Thus we feethat even fair water falling on 
white paper, linen, @c. will, for fome fuch reafon as thofe affigned, im- 
mediately alter the colour of them, and for the moft part render it deeper 
than that of the unmoitten’d parts of the fame bodies. In like manner, 
when, during the fummer, the high-ways are dry and dufty, if there fall 
much rain, they quickly appear of a darker colour than before. Thus 
alfo if a drop of oil be let fall upon white paper, that part of the paper 
which by imbibing the liquor acquires a greater continuity, and fome 
tranfparency, will appear much darker than the reft; many of the inci- 
dent rays of light being now tranfmitted, that would, otherwife, be re- 
flected to the eye. aes 
Secondly, a liquor may alter the colour of a body, by freeing it from 


-thofe things that prevent its appearing of its genuine colour; and tho’ 


this may be faid to be rather a reftoration of a body, or a reftitution of 


which tranfmit one fort of light moft 
copioufly, and refle& another fort, 
and thereby look of feveral colours, 
according tothe pofition of the eye to 
_the light. But if thefe liquors or 
glafles were fo thick and maffy, that 
no light could get thro them, I que- 
“* ftion not but they would, like all other 
opake.bodies, appear of one and the 
fame colour in all pofitions of the eye. 
For all coloured bodies, fo far as my 
obfervation reaches, may be feen thro, 
if made fufficiently thin, and therefore 
are in fome meafure tranfparent,and dif- 
fer only in degree of tranfparency from 
tinged and tranfparent liquors ; thefe li- 
quors, as well as thofe bodies, by a iuffi- 
cient thicknefs becoming opake. A tranf- 
parent body, that looks of any colour 
by tranfmitted light, may alfo look of 
the fame colour by: reflected light, the 
light of that colour being refle&ed by 
the farther furface of the body, or by 
the air beyond it. And then the re- 
fle&ed colour will be diminifhed, and 
perhaps ceafe, by making the body ve- 
_ry thick, and pitching it on the back- 
“ fide, to:.diminifh the reflexion of its 
“* farther furface, fo that the light re- 
* fle&ted from the tinging particles may 
“* predominate, In fych cafesthe colour 


Cc 
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“¢ of the reflected light will be apt to va- 
‘© ry from that of the light tran{mitted.” 
Newton. Optic. ps 159-163. 

This dogtrine is farther confirmed, by 
mixing coloured light, fo as to compound 
a beam of light of the fame colour and 
nature with a beam of the fun’s direst 
light, and making experiments. therein. 
Thus Sir Ifaac Newton found, that fuch 
light is endued with all the properties 
of a beam of the fun’s light ; natural 
bodies appearing in it of the fame colours 
they have in day-light. Thus cinnabar 
appeared of the fame red colour in it as 
it does by day, and if the green-making 
and blue-making rays were ftopped, its 
rednefs became more full and lively ; 
but if the red-making rays were inter- 
cepted, it became yellow or green, or 
of fome other colour, according to the 
forts of rays which were not inter- 
cepted. So gold in this light appears of 
the fame yellow colour as in day-light ; 
but by ftopping a due quantity of the 
yellow-making rays, it appears white 
like filver ; which fhews, that its yellow- 
nefs arifes from the excefs of the inter- 
cepted rays tinging that whitenefs with 
their colours when they are let pafs. 
See Newton Optic. p. 163-167. Fat 
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its native colour, than/a change ; yet there here happens a change of the Prystcé, 
colour which the body afforded before this operation: And fuch a change LYN 
a liquor may work, either by diffolving or corroding, or by fome fuch means 
carrying off the matter, which either veiled or difguized the colour that 
afterwards appears. ‘Thus we reftore old pieces of dirty gold toa clear 
fhining yellow, by putting them into the fire, and into Aqua fortis, which 
takes cft the acquired filth from the metal ; and there is alfo an ealy way 
to reftore filver coins to their due luftre, by fetching off that which difco~ 
toured them. I have likewife a chymical liquor, which I employ to reftore 
pieces of cloth {potted with greafe, to their proper colour, by imbuing the 
{potted part therewith ; which incorporating with the greafe, and yet be- 

ing of a very volatile nature, eafily carries it away with itfelf. And I 
have fometimes try’d, that bytrubbing upon a good touchftone a certain 
metalline mixture fo compounded, that the impreffion it left upon the ftone 
appeared of a very different colour from that of gold ;. yet a little Agua 
fortis would immediately make the golden colour difclofe itfelf, by dif- 
folvihg only the other metalline corpufcles that concealed thofe of the 

old. 

: Thirdly, a liquor may alter the colour of a body, by comminuting its 
parts ; and principally after two ways: Firft, by disjoining and diffipa- 
ting thofe clufters of particles which ftick more loofely together, only by 
means of fome cement that is eafily difloluble ; and this feems to be the cate 
in fome of the following experiments, where the colour of many corpuf- 
cles brought to cohere, by being precipitated together, is deftroyed by the 
affufion of very fharp and piercing liquors. Secondly, By dividing the 
grofler and more folid particles into minute ones, which will be, for the 
moit part, otherwife fhaped than the entire corpufcles fo divided ; as hap- 
pens in a piece of wood reduced to {plinters or chips, or when a piece of 
cryftal heated red-hot, and quenched in cold water, cracks into a multi- 
tude of little fragments, which, tho’ they do not fall afunder, alter the 
difpofition of the body of it, as to its manner of refleCting the light. 

There is a fourth way oppofite to the third, whereby a liquor may 
change the colour of another body, efpecially a Muid, by procuring the 
coalition of feveral particles that before lay {cattered, and too remote from 
each other to exhibit thecolour that afterwards appears. ‘Thus, when a 

folution of gold has been fo diluted, that I queftioned whether the l- 
quor really imbibed any of the metal, I have been quickly fatisfied it 
did, by pouring a little mercury into it; for the gold ‘therein would foon 
clothe the furface of the quickfilver with a thin film of its own livery. 
And by this way of bringing the minute parts of bodies together, in fuch 
numbers as to make them a fit object for the eye, many of thofe colours 
feem to be generated which are produced by precipitation ; efpecially if 
made with fair water ; as when refinous gums, diflolved in fpirit of wine, 
are let fall again, if the fpirit be greatly diluted with that weakening li- 
quor. And thus out of the rectified and tranfparent butter of antimony, 
there will, by the bare mixture of fair water, be plentifully precipitated 

Vou. IL. we that 
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Puysics. that milk-whitefubftance, which, by having its loofer falts well wathed 
SYA off, is turned into Mercurius vita. 2 | * 
__A fifth way wherein a liquor may change the colour of a body, is by 
diflocating its parts, and changing their order; at the fame time, per- 
haps, alfo altering the pofition of the fingle corpufcles, as well as their 
fituation in refpeét of one another. What fhare particular commotions or 
diflocations of the parts of a body may have in changing its colour, is 
evident from the mutations of that quality obfervable in quickfilver, and 
fome other concretes, long kept by chymifts in a convenient heat, tho’ in. 
clofe veflels; and alfo in the obvious degenerations thereof in bruifed 
cherries, and other fruit : and that fuch liquors as we have been fpeak- 
ing of, may greatly difcompofe the textures of many bodies, and thereby 
alter the difpofition of their fuperficial parts, the great commotion 
| made in metals and other fubftances by Aqua fortis, oil of vitriol, ec. 
3 eafily perfuade us. And what fuch a varied fituation of parts may do to- 
wards diverfifying the manner wherein they reflect the light, may be 
guefled, in fome meafure, by the pulverization of tranfparent glafs, which 
thereby becomes a white powder ; but ftill better, by the experiments we | 
fhall hereafter fet down, with relation to the production and deftruétion of 
colours by fubtile, faline liquors. And in fome chymical oils, as parti- 
cularly in that of lemon-peel, the tranfpofition of the parts, confequent 
upon bare concuffion, will reprefent on the furfaces of the bubbles there. 
by occafioned, exceeding lively colours, which, when the bubbles relapfe 
into.the reft of the oil, immediately vanifh. I know not whether I fhould 
mention, asa diftin@ method, that power whereby a liquor may alter the 
colour of another body, by putting the parts of it into motion ; for tho’, 
poflibly, the motion fo produced, feldom, of a fudden, changes the colour 
of the body whofe parts are agitated ; yet this feems to be one of the moft 
general, tho’ not immediate caufes of the quick change of colours in bo-= 
dies ; for the parts being put into motion by the adventitious liquor, ma- 
ny of them, that were before united, may be thereby disjoined ; and 
when that motion ceafes or decreafes, others of them may ttick together 
ina new order: by which means the motion may fometimes produce per- 
manent changes of colours; as in the experiment we fhall hereafter men- 
tion, where a fnow-white body is immediately turned into a yellow, by 
the bare affufion of fair water. And tho when you rub good blue vitriol 
upon the clean blade of a knife, it will not impart its latent colour thereto : 
yet if you moiften that fubfance with common water, the particles of 
the liquor disjoining thofe of the ftone, and thereby giving them the va- 
TOUS agitation requifite to fluid bodies, the metalline corpufcles of the 
vitriol thus diffolved will lodge themfelves in throngs in the {mall pores of 
the iron, and give the furface of it the genuine colour of copper. 

Laftly, The mot important way, by which a liquor may alter the co- 
lour of another body, is by aflociating the faline, or other more rigid cor- 
puicles of the liquor, with the particles of the body whereon it is em- 
ploy’dto work. For thefe adventitious corpufcles unjting with the pro- 

Bi ae tuberant 


MONG HAC OD OW REE YE 

tuberant particles of the furface of a coloured fubflance, muft neceffari- 
ly alter their bignefs, and moft commonly theirfhape. And that the co- 
lours of bodies greatly depend upon the bulk and figure of their fuperfi- 
cial particles, feems probable, fince many ancient and modern philofo- 

hers have thought, ‘that all colours might, in the general, be accounted 
Ri from them alone. ‘The diverfification hereof’ will, in our cafe, be at- 
tended with thefe two circumftances ; the one, that the protuberant par- 
ticles being increafed in bulk, muft often be varied as to the clofene/s or 
laxity of their order ; fewer of them being contained within the fame 
fenfible {pace than before ; ‘or elfe, by approaching one another, they 
muft ftreighten the pores ; and perhaps too by the manner of their affo- 
ciating themfelves with the protuberant particles, intercept new pores. 
And thus, alfo, thefe'adventitious corpufcles may produce a great change, 
as wellin the little cavities, as in the protuberances of a coloured body ; 
for they may likewife,by lodging themfelyes in thofe little cavities, fill them 
up ;,and it may eafily happen, that they fhall not only fill the pores they 
infinuate themfelves‘ into, but have their upper parts extant'above.them: 
and’ partly by fuch new protuberances, partly by increafing the bulk of 
the former, thefe extraneous corpufcles may much alter the number and 
bignefs of the fuperficial pores, changing the old ones, and intercepting 
new ; and very probably the order of the little extancies, and confequent- 
ly that of the little depreffions, in point of fituation will be altered like- 
wife. "Thus if you diffolve quickfilver ‘in fome kinds of Agua fortis, the 
faline particles of the menftruum aflociating themfelves with the mercu- 
rial globules, will make a green folution, which afterwards eafily dege- 
nerates ; and red lead, diffolved in fpirit of vinegar, yields a clear folu- 
tion, the rednefs of the lead being deftroyed by the liquor. But a better 
inftance is afforded from copper ; for I have try d, that if upon a copper 
plate you let fome drops of weak Aqua fortis ref for awhile, the cor- 
puicles of the menftruum joining with thofe of the metal, will produce 


a very fenfible afperity upon the furface of the plate, and thence coagu- 


late into very minute grains of a pale blue vitriol; tho’, if upon another 
part of the fame plate you fuffer a little ftrong fpirit of urine to remain 
for a competent time, the rough furface will be adorned with a deeper 
and richer blue. And the fame Aqua fortis, that fuddenly changes the red- 
nefs of. minium into a darker colour, will, being put upon crude lead, 
-producea whitith fubftance,as with copper it did a bluifh,and as with iron 
it gives a reddifh, and: on white quills a yellowifh colour: fo much may 
the coalition of the parts of the fame liquor, with the differently figured 
particles of folid bodies fevera] waysturn the differingly difpofed furfa- 
ces rough, and diverfify the colour of thofe bodies. And ’twill be eafily 
believed, thatin many changes of colour, which happen upon the diffolu- 
tions of metals, and precipitations made with oil of tartar, Gc. a coa- 
lition of faline corpuicles may be made with the particles of the body 
diflolved or precipitated ; if we confider how much the vitriol of a metal 
may be heavier than the pure metalline part thereof, upon account of the 
D 2 
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faline parts coagulated therewith; and that in feveral precipitations the | 
weight of the calx, for the fame reafon, much. exceeds that of the metal 
when it was firft expofed to be-diflolved. | 
But I am not aiming to eftablith a particular theory of colours, only 
defign to offer fome experiments and obfervations on the fubject of them. 
I fhall, therefore, add but two particulars more, with relation to the forms 
of fuperficial afperity in coloured bodies. And firft, I fay, that there are 
many other means whereby true and permanent colours may UERIeC HER 
in bodies, befides thofe practicable by the help of liquors ; for proof 
whereof feveral examples might be alledged; but I need only refer 
to what we have already obferved of the change of colours fudden- 
ly made on tempered fteel and lead, by the operation of heat, without 
the interpofition of aliquor. Secondly, I obferve, what is of more im- 
portance to our prefent fubjeét, that tho’ nature and art may, in fome 
cafes, fo change the afperity of the fuperficial parts of a body, as to al- 
ter its colour by any of the mentioned ways a-part, yet “tis generally by 
two or three, or perhaps by more of them together, that the effect is 
produced ; and tie be confidered how varioufly thofe feveral ways, with 
others of the like nature, may be compounded and applied, it will not 
appear furprizing, that fuch fruitful principles fhould be fitted to change 
or generate many differing colours. 7 
_ Hitherto we have confidered. the little protuberances, or other fuper- 
ficial particles which conftitute the roughnefs of bodies, as if we took it 
for granted that they muft be perfeétly opake, and impenetrable to the 
rays of light, and fo contribute to the variety of colours, as they. ftop 
more or lefs thereof, and refleét them to the eye particularly mixed with 
more or lefs of fhade. Ihave often thought it worth a ferious inqui- 
ry, whether or no particles of matter, each of them fingly infenfible, may 
not yet feparately confift of many minuter particles, betwixt which we 
may conceive little junétures, where they adhere to one another, in fome 
degree pervious to the prodigioufly fubtile corpufcles of the rays of light ; 
whence confequently thofe particles would,in {uch a degree,be diaphanous. 
For as perfeétly opake bodies can only refleét the incident rays of light,thofe 
that are diaphanous refra¢t™ them too; and that refraétion has a great 
| f hand 


* Refrangibility of the rays of light is: obje&tions made againft it, that his 


their difpofition to be turned out of their 
way, in pafling out of one tranfparent 
body into another ; reflexibility, their 


difpofition to be turned back into. the - 


fame medium from the furface of any o- 
ther. Sir Ifaae Newton firft fhewed the 
precife difference between them, in the 
Philofophical. Tranfattions,N®. 80. A.D. 16-71. 
and in feveral {ubfequent pieces which 
eccur in the fame Yranfaitions, fo far 
vindicated his difcovery from feveral 


opponents, and particularly F. Pardies, 
ingenuoufly acknowledged themfelves 
fatished. with 1. At length Sir [/aac pub- 
lifhed his doétrine more ‘fully, in his 
excellent treatife of the refieéfions, re- 
fractions, inflettions, and colours of light 3 
wherein he confirms. it by numerous ex- 
periments, made with the utmoft fimpli- 
city and plainnefs.. Herein hefhews_ that 
the colours of light. produced by the 
prifta, and-alfo thofe reflefted- from opake 

bodies, 
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hand in the production of colours, appears from light paffing thro’ drops of Puysics. 
water, which exhibits a rain-bow;; thro’ prifmatic glaffes, and many other LAWS 
tranfparent bodies. And I find, that in a darkned room, where the 
light 1s permitted to enter but at one hole, the little floating particles: of 
duft, commonly called motes, being viewed by an eye placed on one fide 
of the beam of light, appear in certain pofitions adorned with very vivid 
colours, like thofe of the rain-bow, or rather like thofe of very minute 
{parkling fragments of diamonds ; and that as foon as their motion has 
brought them to an inconvenient pofition in regard to the light and the 
eye, they are only vifible, without affordin any lively colours: which 
feems to argue, that this duft, or minute fe cece. of feveral forts of 
bodies reputed opake, and only crumbled into duft, do not barely. refle@ 
the rays that fall upon them, but reflect them to the eye refracted. 

_ We may alfo obferve, that feveral bodies, which pais for opake, appear 
in great meafure tranfparent, when reduced into thin parts, and held 
againit a ftrong light. ‘This I have not only taken notice of in pieces of 
ivory reduced to thickith leaves, in many confiderable thick thells of fifh; 
and in fhavings of wood ; but have alfo found, that a piece of very thick 
deal purpofely interpos’d betwixt my eye and the clear day-light, appear’d. 
quite thorough of a lovely red. And in the darkned room above-men- 
tioned, bodies held againft the hole at which the-light enter’d, appear d. 
far lefs opake than they would elfewhere have done: fo that I could 
eafily and plainly fee, thro’ the whole thicknefs of my hand, the motions of 
a body placed at a very {mall diftance beyond it. And even-in minerals, 
the opacity is not always fo exceeding great, if the body be made thin; 
for white marble, tho’ of a pretty thicknefs, being within a due diftance: 
placed betwixt the eye and a convenient light, will fufler the motions of 
one’s finger to be well difcern’d through it; and fo will thick pieces of 
many common flints. But, above all, that inftance afforded us by Mufcovy 
glafs is remarkable ; for tho’ plates of this mineral of a moderate thick~ 
nefs often appear opake, yet if one of thefe be dexteroufly fplit into the 
thinneft leaves *tis made up of, it will yield fuch a number of them; as. 
fcarce any thing but experience could have induced me to believe, 
Thefe leaves: afford the moft tranfparent fort of folid bodies that, for 
ought [have obferved, are yet known: and.a fingle plate of it will be fo. 


bodies, have different degrees both of re- 
flexibility. and refrangibility ; and that 
the mixture of all the coloured rays, in- 
to which the fun’s light is thrown by the 
prifm, makes white light ; and therefore, 
that all homogeneal light, that is, light 
Whofe rays are all-alike refrangible, have 
@- peculiar colour anfwering to their de- 
gree of refrangibility ; that this is un- 
alterable by any farther refleStions or re- 


fraGions. whatever ; that. the fan’s light is | 


compoied: of all the primary: colgurs. to- 


gether; and that. compound’ colours pro- 


ceed from a mixture of the primary. 


Hence: it follows, that no colours. can 


arife from any- new modifications of 


light. But: Sir [fac is of opinion, that 
the permanent colours of bodies are ow- 


“ing to the difpofition- of them to reflect 
fome one fort of rays, as- red, blue, &c:. 
more plentifully than others. — 
red bodies appear. moft beautiful. in red* 


Hence: 
light, blue: bodies in-bluelight, &r.. 
fac: 
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far from being opake, that *tis fcarce fo much as vifible. And multicudes 
of bodies there are, whofe fragments feem opake to the naked eye, 
which yet, when included in good microfcopes, appear tranfparent. On 
the other hand, there may, perhaps, be {ome bodies, whofe minute par- 
ticles, even in an excellent microfcope, will not appear diaphanous. For 
upon viewing, by the help of a good glafs, mercury precipitated per fe, 


the little granules that made up the powder, appeared like little fragments 


of coral beheld at a diftance, with the naked eye. Filings of fteel like- 
wife, and copper, tho’ viewed in an excellent microfcope, on a fair day, 
fhow’d like pretty large fragments of thofe metals, and appear’d con- 
fiderably bright on fome of their furfaces ; yet I was not fatisfy’d that I 
perceived refleCtions from the inner parts of any of them. Nay, looking 
thro’ my beft microfcope upon the red calx of lead, neither I, nor any to 
whom I fhew’d it, could difcern it to be other than opake, tho’ the day was 
clear, and the object ftrongly enlighten’d. And even calcined vitriol, tho’ 
deeply red, appeared in the fame microfcope like coarfe brick-duft. Nor 
would I be forward to determine how far, or in what cafes the tran{pa- 
rency or femi-diaphaneity of the fuperficial corpufcles of larger bodies 
may have an intereft in the production of their colours ; efpecially fince 
even in feveral white fubftances, as beaten glafs, fhow, and froth, where it 
feems manifeft that the fuperficial parts are fingly diaphanous, we.fee no 
fuch variety of colours as is ufual from the refraction’ of light in thofe 
bodies, when by their bignefs, fhape, Oc. they are properly qualified’ to 
exhibit the colours of the rain-bow and prifmatic glafs t. | 

By 


+ For a clear account of opacity and , “ by evacuating their pores, or feparating 
tranfparency, let us hear the excellent | ‘ their parts, be render’d fufficiently o- 


 8¢ 


Sir If, Newton. The opacity of bodies pro- | ** pake ; as Salts, or wet paper, or the 


ceeds (according to that great Philofopher) 
from the multitude of refleGions caufed in 
their internal parts, by a difcontinuity of 
them ; for ‘* between the parts of opake 
2 and coloured bodies are many fpaces, 
“* diums of other denfities.—And that this 
** difeontinuity of parts is the principal 
** caufe of the opacity of bodies, appears 
“* from confidering, that opake fubftances 
** become tranfparent by filling their pores 
with any fubftance of nearly equal den- 
fity with their parts. Thus paper dipt in 
water or oil, the Oculus mundi ftone 
“fteeped in water, linen cloth oil’d or 
varnifh’d, and many other fubftances 
‘foaked in fuch liquors as will inti- 
“€ mately pervade their little pores, be- 
come, by that means, more tranfparent 
than otherwife: fo, on the contrary, 


aft 
6é 
€¢ 
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sf the moft tranfparent fubftances may, 


«= 


either empty, or replenifhed with me- | 


“* Oculus mundi ftone, by being dried ; 
** horn, by being fcraped; glafs, by being 
‘** reduced to powder, or otherwife, 
“* flaw’d; turpentine, by being ftirred 
** about with water, till they mix imper- 
“* fe&ly ; and water, by being form’d 
*¢ into many fmall bubbles, either alone, 
“in the form of froth, or by fhaking ie 
“* together with oil of turpentine, or oil 
*¢ olive, or with fome other convenient 
*¢ liquor, wherewith it will not perfealy 
** incorporate. And to the increafe of 
“< the opacity: of thefe bodies, it condu- 
“¢ ces fomething, that the reflexions of 
“very thin, tranfparent fubftances are 
* confiderably ftronger than thofe made . 
““ by the fame fubftances of a greater 

 thicknefs.” Newton, Optic. p. 223, 224. 
Sir [faac Newion farther obferves, that 
the parts of bodies, and their interftices, 
muft not be lefs than of fome anh 
| ip- 
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~~ By what has hitherto been delivered we may be affifted to judge of Puysics. 
that famous controverfy anciently held, betwixt the atomifts on one fide, | 

oe ; : - ? Whether objeéts 
and mott other philofophers on the other fide ; the former denying bodies aie coloured ip 
to be coloured in the dark, and the latter maintainin colour to be an in- the dark? 
herent quality, as well as figure, hardnefs, Weight, Oc. For, if colour be 
only light modify’d, how can it fubfiftin the dark? But if colour be 
confidered as a certain conftant difpofition of the fuperficial parts of the 
object, to diforder the light they reflect after a determinate manner; as 
this modifying difpofition perfeveres in the object, whether it be en- 
lighten’d or not, there feems no jut reafon to deny, that, in this fenfe, 
bodies retain their colour as well in the night asin the day. Or it may, 
upon this fuppofition, be otherwife faid, that bodies are potentially 
coloured in the dark, and a€tually coloured in the light. 

But ‘tis of greater moment in the inquiry into the nature of COLOULS, Hhetber emphas 
to decide that controverfy, whether thofe of the rain-bow 3 thofe often ae Bag ue 
feen in clouds before the rifing, or after the fetting of the fun ; cy ala 
ina word, whether thofe other colours, ufually called emphatical, ought 
to be accounted true: for it being generally granted, and may eafily be 

i Nap ad 
proved, that emphatical colours are light modify’d chiefly by refractions, 
With 


‘broken. And the parts of all natural 


bignefs to render them opake and colour- 
ed; ‘for the opakeft bodies, if their 
** parts be fubtily divided, become per- 
** feétly tranfparent. Thus water, falt, 
*¢ glafs, ftones, and fuch like fubftances, 
“are tranfparent ; for, upon diyers con- 
“ fiderations, they feem to be as full of 
** pores or interftices between their parts 
* as other bodies are; but yet their parts 
“and interflices feem to be too fmall to 
** caufe reflexions in their common furfa- 
“ces.” Newton. Optic. p. 225. 

“The tranfparent part of bodies, fays 
* Sir Ifaac Neavton, according to their feve- 
“* ral fizes, refleét tays of one colour, and 
** tranfmit thofe of another, on the fame 


* grounds that thin plates or bubbles do. 


~ refle& or tranfmit thofe rays;” and this 
Sir Ifaac takes to be the ground of all 
their colours : ‘“ for if, fays he, a thinned 
“or plated body, which being of an even. 
~ thicknefs, appears all over of one uni- 
“ form colour, fhould be flit into threads, 
“or broken into fra ments, I fee no rea- 
“fon why every thread or fragment 
** fhould not keep its colour ; and, by con- 
why a heap of thofe threads 
or fragments, fhould nor conftitute a 
powder of the fame colour 
~~ Which the plate exhibited before it was 


** bodies being like fo many fragments of 

“* a plate, muft, on the fame grounds, ex- 

‘hibit the fame colour. Now that they 

“do fo, will appear by the affinity of 

“* their properties. ‘The finely coloured | 

“ feathers of fome birds, and particularly 

“ thofe of peacocks tails, do, in the very 

“‘ fame part of the feather, appear of fe- 

*“ veral colours in feveral pofitions of the 

“ eye, after the very fame manner that 

“ thin plates do. And therefore their co- 

“lours arife from the thinnefs of the 

“‘ tranfparent parts of the feathers: that 

is is, from the flendernefs of che very fine 
i hairs, or Capillamenta, which grow out 
|“ of the fides of the groffer lateral branches 
|S‘ or fibres of thofe feathers. And to the 
“fame purpofe it is, that the webs of 

“ fome fpiders, by being fpun very fine, 

“* have appeared coloured; and that the 

“ coloured fibres of fome filks, by varying 

" the pofition of the eye, do vary their 

‘‘ colour, Alfo the colours of filks, cloths, 

‘and other fubftances which water or 

“* oil can intimately penetrate, become 

ts more faint and obfcure, by being im- 
‘<merfed in thofe liquors, and recover 

'% their vigor again, by being dried after 
I“ the manner of thin bodies, ir oa 
ome 
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nce fometimes of reflections, and. perhaps. other acci- _ 
if thefe emphatical colours be refolved 


aA 
Puysrcs. with the concurre 
LVN dents depending on them both ; 


genuine, it will feem to follow, 


that colours, or at leaft many of them, 


are but diverfify’d light, and not fuch real and inherent qualities as men 


commonly fuppofe. 
Now fince we 


allow echoes, and other founds of bodies, to be true 


founds, all their odours to be true odours, and in fhort, other fenfible qua- 


lities to be true, becaufe they are the proper 


fenfes; I fee not why emphatical colours, 
fight, and capable to affect it as truly and as 


liar objects of the organ of 


objeéts of fome of our 
being the proper .and pecu- 


powertully as other colours, fhould be reputed imaginary. And if we 


have proved, that colour, 


when taken in its more proper, fenfe, is only 


modify’d light, there will be little reafon to deny, that thefe are true 


colours, which 


duced by the diverfifications of light. 


more manifeftly than others fhew themfelves to be pro- 


There is indeed a_ difference 


raken notice of betwixt thefe apparent colours, and thofe that are ufu- 


ally efteemed genuine, 


learned men to call the former rather 


as to their duration ; which has induced fome 


evanid than fantaftical. But, as 


Gajffendus obferves, if this way of arguing were true, the sreennefs of a 
leaf ought topafs for apparent, becaute foon fading into a yellow, it cannot 


« (ome forts of painted glafs, the infufion 
“ of Lignum Nepbriticum, and fome other 
« fubftances, reHle& one colour, and tranf- 
“¢ mit another, like thin bodies alfo. And 
“fome of thofe coloured powders which 
painters ufe, may have their colours a 
“little changed, by being very elabo- 
“ rately and finely ground. Where I fee 
“ not what can be juftly pretended for 
“ thofe changes, befides the breaking 
“¢ of their parts into lefs parts, by that 
“ contrition, after the fame manner that 
“the colour of a thin plate is changed, 
“by varying its thicknefs: for which 
‘¢ reafon alfo it is, that the coloured flow- 
‘““ ers of plants and vegetables, by being 
“ bruifed, ufually become more tranfpa- 
“ rent than before; or at leaft in fome 
““ degree or other change their colours. 
“And thus, by mixing various liquors, 
** very odd oe remarkable produtctions 
“¢ and changes of colours may be effeged, 
“* of which no caufe can be more obvious 
“and rational, than that the faline cor- 
« pufcles of one liquor do varioufly a& 


“upon, or unite with, the tinging cor-- 


4 pufcles of another, fo as to make them 
“ {yell or fhrink, (whereby not only 
‘ their bulk, but their denfity alfo may 
“be changed) or to divide them into 


“ {maller corpufcles, (whereby a coloured 
“‘ liquor may become tranfparent) or to 
“ make many of them affociate into one 
“¢ clufter, whereby two tranfparent li- 
“quors may compofe a coloured one. 
‘For we fee how apt thofe faline men- 
“ ftrua are to penetrate and diffolve fub- 
“ ftances to which they are applied ; and 
‘‘ fome of them to precipitate what others 
“ diffolve. In like manner, if we confi- 
“der the various phenomena of the at- 
“‘ mofphere, we may obferve, that when 
“ vapours are firft raifed, they hinder not 
“ the tranfparency of the air; being di- 
“‘ vided into parts too {mall to caufe any 
“yeflexion in their fuperficies. But 
“‘ when, in order to compofe drops of 
“ rain, they begin to coalefce, and confti- 
“ tute globules of all intermediate fizes, 
“ thofe globules, when they become of a 
“ convenient fize to refle& fome colours, 
“and tranfmit others, may conftitute 
“* clouds of various colours, according to. 
“ their fizes. And I fee not what can be 
‘‘ rationally conceived in fo tranfparent 
“© a fubftance as water, for the production 
“ of thefe colours, befides the various fizes 
‘¢ of its fluid and globular parcels.” Newton 
Optic. Pp. 226-220. 
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be compared, in point of duration, with the greennefs of anemerald. Pyystcs. 
But if the fun-beams pafs in a convenient manner thro’ a glafs prifm, fo UYU 
as to be thrown upon fome well fhaded ob ject, within a room 3 the rain- 
bow thereby painted on the furface of a body that terminates the rays, 
may often laft longer than fome colours I have produced in certain bodies : 
which colours would juftly, and without Icruple, be accounted genuine, 
tho’ they fuddenly degenerate, and lofe their nature. 

A. greater difparity betwixt emphatical colours, and others, may, per- 
haps, be urged ; becaufe genuine colours feem to be produced in opake 
bodies, by refleCtion; but apparent ones, in diaphanous bodies, pYinci- 
pally, by refraétion: for, in fome cafes, reflection, alfo, may concur. 
But ftill this feems not to prove, that thefe latter colours are falfe ones ; 
nor muit what we lately faid of the differences of true and apparent co- 
lours, be underftood in too unlimited a fenfe: for if water be agitated 
into froth, it exhibits a white colour, which it foon after lofes upon the — 
refolution of the bubbles into air and water ; In which cafe, the whitenefs 
ot the froth is either a true colour, or not. If it be true, then true colours, 
fuppofing the water pure, may prove as fhort-lived as thofe of the rain— 
bow ; and the matter wherein the whitenefs refided, may, in a few mo- 
ments, be perfeétly deprived of it. Befides, even diaphanous bodies. 
may be capable of exhibiting true colours, by refle€tion; for that white- 
neis is fo produced, will fhortly appear. But if it be faid, that the 
whitenefs of froth is an emphatical colour; then it muft no longer be 
faid, that fantaftical colours require a certain pofition of the illuminating 
body and the eye ; and muft be varied or deftroyed by the change there- 
of: for froth appears white, whether the fun be rifing or fetting ; in the 
meridian, or any where between that and the horizon ; and in what part 
foever the {pe€tator’s eye is placed. ‘And fince, by making-a liquor tena- 
cious, without deftroying its traniparency, or ftaining it with any colour, 
we can give the little films whereof the bubbles confift, fuch a texture as 
will make the froth laft for many hours, or days, together ; it feems im- 

roper to affign duration for the diftinguifhing character of genuine 
Had, fantaftic colours: for fuch froth may long out-laft the true colours 
of fome natural produ@ions. Thus in that gaudy plant, the marvel of 
Peru, the flowers often fade on the very fame day they are blown. AndI 
have often feen a Virginia flower, which ufually withers within the com- 
pals of aday. I am alfo credibly inform’d, that a curious neighbouring 
botanift has a plant whofe flowers perifh in about an hour’s time. 

But if the whitenefs of water, turn’d into froth, muft therefore be re- 
puted emphatical, becaufe it appears not that the nature of the body, but 
only that the difpofition of its parts, with regard to the incident light, is 
changed; why may not that whitenefs be accounted emphatical too, 
which I hall fhortly thew to be producible, barely by fuch another change 
in black horn? And yet this whitenefs, which is fo eafily acquir’d, feems | 
to be as truly its colour as blacknefs was before ; and js, at leaft, more 
permanent than the greennefs of leaves, the rednefs of roles, or the ge- 
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Puysics. nuine colours of moft natural productions. It may, indeed, be further 
SYN objected, that, acccording as the fun or other luminous body changes : 
place, thefe emphatical colours alter, or vanifh. If a piece of cloth, ina 
draper’s fhop, where the light is feldom primary, be varioufly folded, it 
will appear of different colours, as the parts happen to be more illumina- 
ted or fhaded ; and if you ftretch it flat, 1t will commonly exhibit fome 
one uniform colour; yet thefe are not reputed emphatical: fo that 
the difference feems to be chiefly this, that in the cafe of the rain-bow, 
and the like, the pofition of the illuminating body varies the colour; and, 
in cloth, the pofition of the object does it. Yet I am not forward to al- 
low, that in all cafes the apparition of emphatical colours requires a de- 
terminate pofition of the eye; for if men will have the whitenefs of 
froth emphatical, we have already feen what may be inferred from thence. 
Befides, the fun-beams tranfmitted thro’ a triangular prifm of glafs, 
after the manner lately mentioned, will, upon the body that terminates 
them, paint a rain-bow, vifible to the eye, whether placed on the right 
hand of it, or on the left ; above it, or beneath it; before it, or behind 
it: and tho’ there may appear fome little variation in the colours of the 
rain-bow, beheld from aiferent parts of the room ; yet the like may be 
obferved by an attentive eye, in real colours, view'd under the like cir- 
cumftances. Nor will it follow, that, becaufe there remain no foot- 
fteps of the colour upon the objeét, when the prifm is removed, that 
therefore the colour was not real ; fince the light was truly modify’d by 
the refraction * and reflection it fuffered.in paffing thro’ the prifm: and 
the object, in our cafe, ferved as a fpeculum to refleét that colour to the 
eye. Fora rough and coloured object may ferve for a fpeculum to re- 
flect the artificial rain-bow we fpeak of; fince, in darkned rooms, 
a wall, conveniently fituated within, will fo refleét the colours of bo- 
dies external to.the room, that they may very clearly be difcern’d and 
diftinguifhed : and yet it is taken for granted, that the colours feen in a 
darkned room, tho’ they leave no traces upon the wall or body that re- 
ceives them, are the true colours of the external objects; together with 
which the colours of the images are moved, or reft. And the error lies 
not in the eye, whofe office is only to perceive the appearance of things, 
and truly does fo; but in the judgment that, by miitake, concludes the 
colour belongs to the wall, which really belongs to the object; becaufe 
the wall is that from whence the rays of light which carry the vifible fpe--_ 
cies, come in ftrait limes dire¢tly to the eye. And thus, for the fame 
reafon, we fuppofe at acertain diftance from concave {pherical glafles, 


* We muft again repeat, that Sir |** of colour, made by refra&tion, do not 
Tfcac Newton demonftrates, all the colours ’| ‘* arife from any new modification of the * 
in the univerfe, which are made of light, |‘ rays imprefled by thofe refraftions ; 
and depend not on the power of imagi- | ‘* and, by the various terminations of | 
nation, are either the colours of homoge- | “light and fhadow; as has been the 
neal lights, or compounded of them in a |“ conftant and general opinion of phi- 
certain proportion. ‘* For the changes ‘ * lofophers.” Ne wtor. Optic. p. 99. & p. 138. 

3 ae vies that 
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that we fee the image ftand out to meet us, and hang in the air betwixt Prysics. 
the glafs and us; becaufe the reflected rays, that compofe the image, UAVS 
crofs one another in that place where the image appears to be; and thence 
in direct lines take their courfe to the eye. I might here add what will 
more fully appear hereafter, that colours, called emphatical, becaufe not 
inherent in the bodies where they appear, may be compounded with ene 
another, as thofe that are confefledly genuine. 


Se Oe 


Come now to inquire into the nature of whitenefS and blacknefs. Se of 
Whitenefs, confidered asa quality in the objeét, feems, in the general, 
chiefly to depend upon the roughnefs of the furface of the body, call’d 


white ; which 


gives itinnumerable {mall fuperficies, 


that acting like fo 


many little {pecula in various pofitions, they reflect the rays of light that 


fall on them, not towards one another, 


tor’s eye. ‘The fun, and other 


but externally towards the {peCta~ 


very lucid bodies, not only offend or 


dazle our eyes; but if any colour is afcribed to them, it fhould be white- 


nefs: * for the fun at noon-day, 


* White, in ftri@nefs, we have alrea- 
dy obferved to be no fimple colour ; but 
” compound of all colours in a due pro- 
portion. “ When the feveral forts of rays 
*“* are mixed, fays Sir Ifzac Newton, and, 
in croffing, pafs thro’ the fame {pace, 
they a& not upon one another, fo as 
to change their colour-making quali- 
ties ; but, by mixing their a@ions in 


66 
ce 
CF 4 
&¢ 


ing from what either would do a-part : 
that is, a fenfation of a mean colour 
between their proper colours. And 
particularly, when, by the concourfe 
and mixtures of all forts of rays, a 
white colour is produced; the white 
is a mixture of the colours which the 
Tays would have a-part: the rays in 
that mixture do not alter their feveral 
colour-making qualities ; but, by all 
“‘ their various kinds of actions, mixed 


middling colour, between all their co- 
lours, which is whitenefs. For white- 
‘ nefs is a mean between all colours; 
** having itfelf indifferently to them all ; 
fo as with equal facility to be tinged 
With any of them. A red powder 
mixed with a little blue, or a blue 
“ with a little red, doth not prefently 


6 


the fenfonium, beget a fenfation, differ- | 


in the fenforium, beget afenfation of a 


and in clear weather, when his face is 


ferene, 


“€ lofe its colour; but a white powder, 
“mixed with any colour, is prefently 
** tinged with that colour, and is equally 
** capable of being tinged with any co- 
“* lour whatever.” See Newton. Optic. Dp. 
Il?) 118: 138,139. - 

We farther learn from Sir I/zac Newton, 
that as a mixture of all the prifmatic co- 
lours makes perfe& white light ; fo if 
foapy water be agitated into a froth, va- 
rious colours will appear therein, when 
viewed near ; and, at a diftance, when 
thofe colours can no longer be. diftin- 
guifhed, the froth will feem perfe@ly 
white. But; by mixing coloured pow- 
ders, he tells us, we are not to exped a 
ftrong and full white, buc fome dusky 
obfcure one; becaufe they fupprefs and 
ftop in them a very confiderable part of 
the light by which they are illuminated. 
Thus he produced a dark white, or a 
dun colour, by mixing. one part of red 
lead with five parts of verdigreafe; for 
thefe two colours were feverally fo com- 
pounded of others, that, in both toge- 
ther, there was a mixture of all colourse 

Again, one part of red lead, and four 
parts of blue bife, compofed a dun 
colour, varying a little to purple; and, 
by adding to it acertain mixture of orpi- 

Ki 2 ment 


-6© to another. For thus it became of a 
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Puyercs. ferene, and his rays pafs thro’ a much lefs part of the atmofphere to our 
A/V ™\ eyes, appears of a colour more approaching to white than when he is_ 


nearer the horizon ; in which cafe the interpofition of certain fumes and va- 


pours make him oftentimes appear either red or yellow. And when the 


fan fhines upon {mooth water, that part of it which appears moft illumined, 
feems far whiter than the reft. And I have fometimes found, that when 
the fun was veil’d with a thin white cloud, tho’ fill too bright to be 
look’d upon direétly ; that by cafting my eyes upon {till water, his body, 
being not far from the meridian, appeared to me exceedingly white. And 
tho’ we vulgarly fay, in Englifh, a thing 1s red-hot, to expre{s a fuperlative 
decree of heat; yet, at the forges and furnaces of artificers, by a white 
heat they underftand a further degree of ignition, than by a red one. 

2. Common experience informs us, that as tco much light over- 
powers the eye; fo when the ground is covered with fnow, thofe 
who have a weak fight, complain that this profpect is offenfive to 
them. And even thofe who have good eyes, are aa hence generally 
fenfible of an extraordinary light in the air; and, if obliged to look 
very long upon the fhow, find their fight injured by it. Thus Xenophon 
relates, that Cyrus marching his army, for many days, over mountains 
covered with fnow, the dazling fplendour of its whitenefs preju- 
diced the fight of a great number of his foldiers, and blinded fome of 
them; and other accounts of the fame nature may be met with in © 
writers of good note. ‘The like has alfo been affirmed to me by credible 
perfons of my own acquaintance, and efpecially by one, who, during 


“ lour of any powder is more or lefs full 
““ and luminous, it ought to be ufed in a 
“‘ lefs or greater proportion. Now con- 
“© fidering that thefe grey and dun co- 
“ lours may be alfo produced, by mixing 
‘© added, by little and little, a certain | ‘‘ whites and blacks ; and, by confe- 
“‘ full bright purple, which: painters | ‘¢ quence, differ from perfe& whites, not 


ment and verdigreafe, in due propor. | 
| 
| 

“ ufe, till the orpiment ceafed to be | “© in fpecies of colours, but only in de- 
i 


tion, it loft its purple tiné&ure, and 
became perfectly dun. But the experi- 
ment fucceeded beft without red lead, 
thus: ‘‘ To orpiment, fays Sir Jfaac, I 


« yellow, and became of a pale red: | ‘* gree of luminoufhefs; it is manifeft 
““ then I diluted that red, by adding a j ‘* that there is nothing more requifite to 
“ little verdigreafe anda little more blue | “* make them perfe&ly white, than to 
““ bife than verdigreafe, till it became | ‘‘ increafe their light fufficiently; and, 
“‘ of fuch a grey or pale white, as va-| ‘¢ onthe contrary, if, by increafing their 
“«« ried to noone of thecolours more than | ‘* light, they can be brought to perfet 
“ whitenefs; it will thence alfo fale. 
‘* colour equal in whitenefs to that of | “ that they are of the fame {pecies of 
* afhes, or of wood newly cut, or of a | “ colour with the beft whites; and dit- 
““ man’s skin. The orpiment refle&ed i « fer from them only in the quantity 
“more light than did any other of the } ‘* of light.” And accordingly, by pla- 
« powders; and therefore conduced more | cing fome powder, compofed of orpimentr, 
“ to the whitenefs of the compounded ;. purple, bife, and verdigreafe, in the fun’s 
“colour than they. ‘'T'o aflign the pro- | rays; and, viewing it at a diftance, it 
é¢ portions accurately, may be difficult, | appeared intenfely white. Necston. Optice 
“« by reafon of the ditterent goodnefs of | p, 129-134. : ; 
‘* powders of the fame kind, As the co- | a tege © 
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his ftay in Mufcovy, found his eyes much impaired, by being frequently Puysics. 
obliged to travel in the fhow: and this weaknefs of fight did not LAWS 
leave him when he left that country, but ftill continues, tho’ he be a young | 
man. I myfelf alfo, as well as others, have obferved, that upon tra- 
velling by night, when the ground was all covered with fhow, tho’ it 
would otherwife have been dark, yet we could very well fee to chufe our 
way. But much more to my prefent purpofe is that account given us by 
Olaus Magnus of a way of travelling in the Northern regions during the 
winter, where the days of that feafon are very fhort. “ In the day-time, 
“© fays he, they travel twelve Italian miles, but twice or thrice as far in 
“ the night, and that with eafe ; for the light of the moon, reflected by the 
“ f{now, renders both hills and vales confpicuous ; fo that then they can 
“ fee not only precipices afar off, but the wild beatts they would avoid.” 
This teftimony I the lefs {cruple to alledge, becaufe it agrees very well 
with what has been affirmed to me by a phyfician of Mofcow; who in- 
formed me, that he could fee things at a a greater diftance, and with 
more clearnefs, when he travelled by night on the fnow there, tho’ with- 
out the affiftance of the moon-fhine, than we, in thefe parts, would ea- 
fily believe. *Tistrue, indeed, the intenfenefs of the cold might contri- 
bute fomething to the confiderablenefs of the effet, by clearing the air 
of dark fteams, which, in thefe more temperate climates, are ufually 
thick in fnowy weather: for this phyfician, and the ingenious navigator. 
Captain Fames agree, that in dark frofty nights, in frozen climates, they 
could difcover more ftars, and have a clearer profpect of the heavens, 
than wein England. I know, indeed, many learned men fuppofe fhow 
thus ftrongly afiects our eyes, not by a borrowed, but a native light. I 
venture, however, to give it asa proof, that white bodies refleé more 
light than others, becaufe having once placed a parcel of fnow in a room, 
carefully darkened, that no celeftial light might fall upon it, neither I, 
nor an ingenious perfon skilled in optics, could find it had any light be- 
fides what it received ; and ’tis ufual, among fuch as travel in dark 
nights, to make their guides wear fomething of white to be difcern’d 
by ; for there is fearce any night fo dark, but that, in the free air, fome | / 
light remains, tho’ broken and debilitated, perhaps, by a thoufand re- 
flections from the opake corpufcles, that {wim in the atmof{phere, and fend 
it to one another before it arrives at the eye. | 
3. And the better to fhew that white bodies refleét much more light 
than others, F held in the darkened room, formerly mentioned, not far 
from the hole at which the light entered, a fheet of white paper; from 
whence cafting the fun-beams upon a white wall, it manifeftly appeared 
both to me, and toa perfon I took to be witnefs of the experiment, to re- 
flect a far greater light than any of the other colours; for the wall itfelf 
was not only thus notably enlightened, but alfo a confiderable part of the 
room. And, further, to fhew that white bodies refleé the rays outwards, 
let me add, that ordinary burning-glafles will not, in a sreat while, burn 
er difcolour white paper ; fo that when I was a boy, and delighted . 
make 
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‘Puysics. make trials with fuch glafles, I could not but wonder at this odd pheno- . 
ASYVN menon, which fet me very early upon gueffing at the nature of whitenefs ; 
and the more, becaufe I took notice that the image of the fun, upon white 
paper, was not fo well defined as upon black ; and becaufe that, upon 
inking over the paper, the moifture would be quickly dried up, and the 
paper, that I could not burn before, would now prefently take fire. I have 
alfo try’d, that by expofing my hand, with a thin black glove on it, to the 
wari fun, it would thereby very fuddenly be more confiderably heated, 
than if I took off the glove, and held my naked hand to its rays, or put on 
another glove of thin white leather. | 
4. And to thew that white bodies are apt, like fpecula, to reflect the 
light that fallson them, we have found, in a darken’d room, that the 
fun-beams being caft from a coloured body upon a white wall, the deter- 
‘minate colour of the body was from the wall reflected to the eye; whilft 
we could, in many cafes, manifeftly alter the colour arriving at the eye, 
by fubftituting, at a convenient diftance, a colour’d glofly body inftead of 
the white wall; thus by throwing the rays from a yellow body upon a 
blue, there would be exhibited a kind of green. I might alfo here take 
notice, that when looking upon the calm and fmooth furface of a river, 
lying betwixt my eye and the-fun, it appeared to bea natural {peculum, 
wherein that part, which reflected to my eye the entire and defined image 
of the fun and rays adjacent thereto, appeared of a great whitifh bright- 
nefs, but the reft comparatively dark ; when, if afterwards the fuperfi- 
cies chanced to be a little ruffled by a gentle breath of wind, and thereby 
reduced into a multitude of fmall, fmooth fpecula, the furface of the ri- 
ver would, at a diftance, appear almoft white; tho’ iv loft that appearance 
upon a return of the furface to a calm and uniform level. And I have 
fometimes, as an experiment, brought in a lenticular glafs, the image 
of a river illumined by the fun, into a darkened room, at about the di- 
tance of a quarter of a mile; by which means the numerous declining 
Surfaces of the water were fo contraéted, that, upon the body which 
received the image, the whole river appeared a very white objeét at two 
or three paces diftance. But if we drew near it, this whitenefs feemed 
to proceed from innumerable lucid reflections, made by the fuperficies of 
the water gently waved, which looked, when clofely viewed, like a mul- 
titude of very little fhining fcales of fifh ; many whereof every moment 
difappeared, while as many were by the fun, wind, and river, genera- 
tedanew. But tho’ this obfervation feemed fufficiently to difcover how 
the apparent whitenefs,.in that cafe, was produced ; yet in fome other 
cafes, water may have the fame, tho’ not fo vivid a colour, upon other ac- 
counts ; for it often happens that the fmooth furface of the water ap- 
pears bright or whitifh, by reafon of the refle€tion, not immediately of 
the image of the fun, but of the brightnefs of the sky ; and in fuch cafes 
aconvenient wind may, where it pafles along, make the furface look 
black, by caufing many fuch furrows and cavities, as make the inflected 
fuperficies of. the watér refleé&t the brightnefs of the sky, rather internal- 


ly 
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ly thanexternally. And again, if the wind increafe into a ftorm, the wa- Puysics. 
ter may appear white, efpecially near the fhore, becaufe the rude agita- 
tion breaks it into foam. or froth; fo much do whitenefs and blacknefs de- 
pend upon the difpofition of the ftperficial parts of a body, to reflect the 
rays of. light inward.or outward. But that as white bodies refle@ the 
moft light of any ; fo their fuperficial particles are of a {pecular nature, I 
fhall further endeavour to fhew, by making fpecular bodies white, and a 
white body {pecular. © ‘ioe 

s- Upon diftilling quickfilver in a cucurbit, fitted with a capacious 
glafs-head, I have obferved, that when the operation was performed by 
proper degrees of fire, there would ftick to the infide of the alembic a 
multitude of little round drops of mercury. And as mercury isa fpe- 
cular body, each of thefe little drops was a {mall {pherical looking-glafs ; 
and a number of them lying near one another, made the glafs they were 
faftened to, manifeftly appear a white body. And as many parts of the 
sky, efpecially the milky way, appear white to the naked eye; yet the 
galaxy, viewed thro’ a telefcope, does not appear white, but to be made 
up of a vat multitude of little Rars ; fo, many lucid bodies, if too \ 
{mall to be fingly difcerned by the eye, and fet fufficiently thick by one 
another, may, by their united rays, appear to the eye as one white body : 
and why may not the like happen, when a multitude of bright, little cor- 
puicles, crowded together, are made jointly to refleét vivid rays to the 
eye, tho’ they fhine by a borrowed light 2 | 

But to return to our experiments ; we may take notice, that the white 
of anegg, which tho’ in part traniparent, yet, by its power of reflecting 
fome incident rays of light, is, in fome meafure, a natural {peculum, being 
long-agitated with a whisk or {poon lofes its tranfparency, and becomes a 
very white froth; that is, an aggregate of numerous {mall bubbles, 
whofe convex fuperficies fit them to reflect the light every way outwards. 
And ‘tis worth obferying that when water, for inftance, is agitated into 
froth, if the bubbles be great and few, the whitenefs will be but faint, 
becaule the number of fpecula within a narrow compa{s is but {mall ; 
and they are not thick enough fet to refle&t fo many little images or rays 
of the lucid body, as go to produce a vigorous fenfation of whitenefs. 
And left it fhould be faid, that the whitenefs of fuch globular particles 
proceeds from the air included in the froth, (tho’ who can prove that the 
air itfelf is white?) and at the fame time to illuftrate our do&rine of 
whitenefs, I fhall add this experiment. I put to fome fair water, 
contained in a glafs vial, a convenient quantity of fpirit of turpen- 
tine, which will not incorporate with water, yet is almoft as clear and. 
colourlefs as that ; and thefe being well fhaken together, I found the agita- 
tion broke the oilinto a multitude of little globes, which each of them 
reflecting outwards a lucid image, made the imperfect mixture of the 
two liquors, appear whitifh; but if by vehemently fhaking the glafs for 
a competent time, a further comminution of the oil be made into far more 
numerous and imaller globules, whilftitis alfo thereby more thoroughly 

confounded 


ea Experiments and Obfervations 


Puysics. confounded with the water, the mixture will appear of a much greater _ 

ZY whitenefs, and almoft like milk ; tho’ if the glafs be let alone awhile, the 
colour will gradually fade as the oily globules grow fewer and larger, 
and at length quite vanifh ; leaving both the liquors diftin& and diapha- 
nous as before. And fuch a trial hath fucceeded, when inftead of oil, or 
fpirit of turpentine, I took a yellow mixture, made with a large propor- 
tion of crude turpentine, diflolved in that liquor; and it alfo fucceeded 
better than one would expect, when I employ d an oil brought to a deep 
green, by infufing copper filings therein. ‘Linus aromatics, diftilled with 
water, often yield a white liquor, which may long continue of that co- 
lour ; becaufe if the fire be made too ftrong, the fubtile oil is thereby 
much agitated, broken, and blended with the water, in fuch numerous 
and minute globules, as cannot eafily, in a fhort time, emerge to the top 
of the water, and, whilft they remain therein, make it look whitifh. 
And hence, perhaps, it is, that we find hot water ufually more opake and 
whitifh than the fame when cold ; the agitation turning the more volatile’ 
particles of the water into vapours, and thereby producing, in the body 
of the liquor, a multitude of {mall bubbles, which interrupt the free 
paflage of the rays of light, and from the innermoft parts of the wa- 
ter, reflect many of them outwards. Thefe, and the i:ke examples, have 
induced me to fufpeét, that the fuperficial particles of w 1ite bodies, may, 
for the moft part, be as well convex as {mooth ; tho’ it feems not eafy to 
prove, that when diaphanous bodies are reduced into white powders, each 
corpufcle muft needs be of a convex fuperficies ; and, perhaps, it may here 
fuffice that the {pecular furfaces look feveral ways. We have teen that when 
adiaphanous body is reduced to very minute parts, it thereby acquires a . 
multitude of little furfaces within a narrow compafs; and tho’ each of 
thofe fhould not be of a convenient figure to reflect a round image of the 
fun, they may reflect fome phyfical line of light, wherein fome refraction 
of that which falls upon the body, whereon it depends, may often con- 
tribute toits whitenefs. ‘Thus if a flender wire, or folid cylinder of glafs, 
be expofed to luminous rays, you fhall fee, in fome part thereof, a vi- 
vid line of light ; and if we were ableto draw out and lay together a 
multitude of thefe little wires or threads of glafs, fo flender, that the eye 
could not difcern a diftance between the luminous lines, there is no doubt, | 
as far as I can guefs by a trial of this kind purpofely made, that the whole 
phyfical fuperficies, compofed of them, would appear white to the eye ; 
and if fo, it is not always neceflary that the figure of thofe corpufcles, 
that make a body appear white, fhould be fpherical: and fhow itfelf com- 
monly appears both to the naked eye, and when viewed thro’ a micro- 
fcope, to confift principally of little flender icicles of feveral fhapes, which 
afford fuch numerous lines of light as we fpeak of. 

6. If youtake a diaphanous body, as, for inftance, a piece of glafs, - 
and reduce it to powder, the fame body which, when entire, freely tranf- 
mitted the rays of light, acquiring, by contufion, a multitude of, minute 
furfaces, each of which is, as it were, alittle fpeculum, becomes there- 
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by qualified to reflect, in a confufed manner, fo many rays, or little and Puysics. 
fingly unobfervable images of the lucid body, that from a diaphanous, it 
degenerates into a whire fubftance. And heating lumps of cryftal red- 
hot, in a crucible, I have found, that, Upon quenching ’em in fair 
water, even thofe which remained feemingly entire, exchanged their tran{- 
parency for whitenefs ; the ignition and extin@ion having cracked each 
lump into’ a ayes of minute bodies, and thereby given it a mul- 
titude of new furfaces. And even with coloured diaphanous bodies, there 
may, by this way, be a great degree of whitenefs produced. Ihave, by 
contufion, obtained whitith powders from granats, glafs of antimony, 
and emeralds ; but the experiment is more eafily made, by comparing 
deep blue pulverized vitriol of copper, with fome of the entire cryftals of 
the fame, for this will, comparatively, exhibit a confiderable degree of 
whitenefs. | 

7. And as by a change of pofition in the parts of differently coloured 
bodies, they may be rendered white ; fo by a flight change, in the texture 
‘of its furface, a white body may be deprived of that property. A piece 
of filver newly boiled, with falt and tartar, after the goldf{mith’s fafhion, 
is of a lovely white ; but if, witha piece of fmooth fteel, a part of it be 
burnith’d, that part prefently lofes its whitenefs, and turns to a {peculum, 
almoft every where dark, like other mirrors ; which adds a great confir-_ 
mation to our doétrine. For hence we fee what it chiefly is that made 
the body white before; fince all that was done to deprive it of that white- 
nels, was only to deprefs the little irregular protuberancies, that ftood 
out on the furface of the filver, into one continued regular plain. 

8. What we have faid of whitenefs may affift us to form a notion of i patere of 
blacknefs ; thofe two qualities being fufficiently oppofite to illuftrate each 
other. And as that which makes a body white, is chiefly fuch a difpofition 
of its parts, as difpofes it to refle&t more of the light that falls on it, than 
bodies of different colours ; fo that which renders a body black, is princi- 
pally a peculiar kind of texture of its fuperficial particles ; whereby it 

damps the light that falls on it, fo that very little is reflected to the eye. 
_ g. This texture is explicable two feveral ways; and firft, by fuppofing, 
in the fuperficies of the black body, a particular kind of afperity ; whence 
the fuperficial particles refle@: few of the incident rays outwards, and the 
reft inwards, upon the body itfelf: as if, for inftance, the furface of a 
black body thould rife up in numberlefs little cylinders, pyramids, cones, 
©c. which, by being thick fet and erect, throw the rays of light from one 
to another inwards, fo often, that, at length, they are loft before they can 
come out again totheeye. The other way fuppofes the textures of black 
bodies either to yield to the rays of light, or, upon fome other account, 
to itifle and keep them from being reflected in any number, or with any 
confiderable vigour outwards. According to this notion it may be faid, 
that the corpufcles, which compoie the rays of light, thrufting one another 
from the lucid bedy, and falling on black fubftances, meet with fuch a 
renture, that they receive into themfelves, and retain almoft all the 
Vor. I, “y wid Sy motion 
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Puysics. motion communicated to them by thofe corpulcles, and confequently re-. 


det but few of them, or thofe but languidly, towards the eye; as when 
a ball, thrown againft a floor, rebounds a great way upwards, but very 
little or not at all when thrown againft mud or water ; becaufe the parts 
yield, and receive into themfelyes the motion which fhould reflect the ball 
back. But this laf manner of accounting for blacknefs I barely propofe, 
without either adopting, or abfolutely rejecting it; for the fia Fanhs of 
rouchftones, black marble, and of other bedies that are black, and, folid, 
feems to render it fomewhat improbable that they fhould be of fo yield- 
ing a nature ; unlefs we fay that fome bodies may be more difpofed to 
yield to the impulfes of the corputcles of light, by reafon of a peculiar tex- 
ture, than cthers, which, by particular trials, appear to be fofter than 
they. Both the {olutions, however, agree in this, that black bodies re- 
flect but little of the light which fallson them. And it is not impoffible 
that, in fome cafes, both the difpofition of the {uperficial particles as to 
figure and pofition, and the yielding of the body, or fome of its parts, 
may jointly contribute to render a body black. ‘The confiderations which 
induced me to propofe this notion of blacknefs, are principally thefe. 

(1.) Whitenefs and blacknefs being generally reputed contrary quali- 
ties, whitenefs depending, asI faid, upon the difpofition of the parts of 
the body, to reflect light plentifully, ic feem’d probable, that blacknefs 
might depend upon a contrary difpofition of furface ; but upon this I fhall 
not infift. However, if a body, be an uniform colour, be placed, part in the 
fun-beams, and part in the fhade, that part, which is not illumined, will 


_appear nearer allied to blackneis than the other, from which more light 


is reflected to the eye; dark colours alfo feem the blacker, the lefs is 
the light they are viewed in: and all things feem black in the dark, when 
they yield no rays tomake impreffions upon our organs of fight ; fo that 
fhadow and darknefs are near a-kin: and fhadow, we know, is but a 
privation of light ; blacknefs, accordingly, feems to proceed from the 
want of rays reHected from the black body to the eye; tho’ the bodies we 
call black, as marble, jet, @c. are not perfectly fo, for if they were, we 
fhould not fee them at all. But notwithftanding the rays which fall on 
the fides of thofe ere particles we mentioned, do few of them return 
outwards ; yet fuchas fall upon the points of thofe cylinders, cones, or 
pyramids, may be thence refleéted to the eye, tho’ they make but a faint 
impreffion there ; becaufe they are mixed witha great proportion of little 
fhades. . ‘Thus, having precured a large piece of black marble to be well 
polifhed, and brought to the form of a large f{pherical concave fpeculum, 
the infide thereof was a kind of dark looking-glafs, wherein I could 
plainly fee alittle image of the fun, when it fhone thereon. But this 
image was very far from offending or dazling my eyes, as it would have 
done from another fpeculum ; and tho’ this were large, I could not, ina 
long time, fet a piece of wood on fire with it; tho’ a far lefs fpeculum 
of the fame form, and of a more reflecting material, would prefently 
have made it flame. And having expofed tothe funa pretty large pe 
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of white marble, polifh’d on the infide, we found that it refleGed a preat- Puysics. 
quantity of glaring light, but fo fcatter’d, that we could not make the re- LAWNS 
flected rays meet in any fuch confpicuous focus as that we obferv’d in the 

black marble ; tho’ by holding a'candle, in the night-time, at a convenient 

_ diftance, we were able to procure a concourfe of a few reflected rays at 

about two inches diftance from the bottom of the mortar. But we found 

the heat of the fun-beams fo diperfedly reflected, to be very languid, even 

compared to the focus of the black marble: and the little pi€ture of the 

fun that appear’d upon the white marble as a fpeculum, was very faint, 

and exceedingly ill defined. 

(2.) ‘Taking two pieces, the one of black, and the other of white mar- 
ble, whofe furfaces were plain and polifh’d ;) and \cafting on them fuccef- 
fively the rays of the fame candle, in fuch a manner that the adjacent 
fuperficies being fhaded by an opake and perforated body, the incident 
rays pafs'd thro’ a round hole of about half an inch in diameter, the cir- 
cle of light that appear’d on the white marble: was, in comparifon, very 
bright, but very ill defined ; whilft that on the black marble was far leds 
luminous, but much better defined.» , 

(3.) When we look upon a piece of linen that has {mall holes in it, they 
appear very black; fo that men are often deceiv’d in taking holes for 
{pots of ink : and painters, to reprefent holes, make ufe of black ; the 
reafon whereof feems to be, that the rays which fall on thofe holes, pe- 
netrate fo deep, that none are reflected back to the eye. . And in a narrow 
well, part of the mouth feems black, becaufe the incident rays are re- 
flected downwards, from one fide to another, till they can no longer re- 
bound to the eye. We may confider too, that if different parts of the 
fame piece of black velvet be ftroak’d oppofite ways, there will appear 
two diftinét kinds of blacknefs, the one far darker than the other; pro- 
bably becaufe in the lefs obfcure part of the velvet, the little filken piles, 
whereof *tis compos’d, being inclined, there isa greater part of each of 
them turn’d to the eye ; whilft in the other part the piles of filk being 
more erect, there are by far fewer rays fent outwards from the lateral 
parts of each pile: fo that moft of thofe reflected to the eye, come from 
the tops of the piles, which make but a fmall part of the whole fuperficies 
of the velvet. This explanation I propofe, not that I think the blacknefs 
‘of the velvet proceeds from the caufe aflign’d ; fince each fingle pile of filk 
is black by reafon of its texture, in what pofition foever it be view'd ; 
but becaufe the greater blacknefs ofa fingle tuft feems to proceed from 
the greater defect of rays reflected thence, and from the want of thofe 
‘parts of a furface that refleét rays, and the multitude of thofe fhaded 
parts that reflect none. And I have often obferw’d, that the pofition ot 
particular bodies, far: greater than piles of filk, may, notwithftanding 
each of them hath a colour of its own, make one part of their aggregate 
appear far darker than another. ‘Thus a heap of carrots appear of a much 
darker colour when view’d with their points, than with their fides ob- 

_ verted to the eye. | | aie: 
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(4:) Ihave obferv’d in a darken’d room, that if the fun-beams which 
came in at the hole were receiv'd upon white, or any other colour, and | 
directed toa convenient part of the room, they would maniteftly increafe 
the light of that part; but if we fubftituted either a piece of black cloth 
or black velvet, it would fo damp the incident rays, that the faid place 
would be lefs illumin’d than before, when it receiv’d its light only from the 
weak and oblique reflections of the floor and walls of a pretty large room ; 
over which the beams that came in at the hole, were confufedly and ina 
broken manner difpers'd. 

(5.) And to fhew that the rays which fall on black bodies, as they do 
not rebound outwards to the eye, fo they are reflected towards the body 
itfelf, asthe nature of thofe erect particles to which we have imputed 
blacknefs requires ; we fhall add an experiment, that will at the fame 
time confirm our doétrine of whitenefs. We took, then, a broad and large 
tile, and having whited over one half of its fuperficies, and black’d the 
other, we expos’d it to the fummer fun. And having let it lie there a con- 
venient time, we found that whilft the whited part of the tile remain’d 
cool, the black’d part of it was grown very hot. And for further fatis- 
faGtion, we have fometimes left upon the furface of the tile a part that 
retain’d irs native red; and expofing all to the fun, we obferv’d the lat- 
ter to have contracted a heat in comparifon of the white part, but infe- 
rior to that of the black. *Iisalfo remarkable, that rooms hung with 
black are not only darker than they would be otherwife, but warmer too. 
Thave known a great lady, of a tender conftitution, complain that fhe 
commonly took cold upon going into the air, after having made any long 
vifit to perfons whofe rooms were hung with black. And this is not the 
only lady I have heard complain of the warmth of fuch rooms; which, tho’ 
perhaps it may partly be imputed to the effluvia of thofe materials where- 
with the hangings were dyed,yet probably the warmth in this cafe depends 
chiefly upon the fame caufe with darkneis ; for upon expofing two pieces 
of filk, the one white, the other black, in the fame window to the fun, I 
have often found the former confiderably heated, when the latter has re- 
main’d cool. | 

(6.) Avirtuofo of unfufpected credit acquainted me, that in a hot 
climate he had, by carefully blacking the fhells of eggs, and expofing them 
to the fun, feen them thereby well roafted, in nolong time. But in Exg- 
land, the fun’s rays feem not to be fufficiently {trong to produce fuch an 
effect ; for having expos’d eggs in the fummer feafon thereto, they acquired 
indeed a confiderable degree of heat, but not enough to roaft them. 

(7.) Laftly, our conjectures about the nature of blacknefs, may be fome- 
what confirmed by the obfervation of the blind man, formerly mention’d, 
who difcerns colours with his fingers; for he fays, that he feels a greater 
roughnefs upon the furfaces of black bodies, than upon thofe of red, 
yellow, or green. And Bartholine tells us, that a blind earl of Mansfield 
could diftinguifh white from black only by the touch; which might fuffi- 
ciently argue a great difference in the thence or fuperficial ee 
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of the bodies of thofe two colours ; if the learned relator had affirm’d Puysics. 
the matter upon his own knowledge. Let us next take in the affiftance LFYNS 
of our experiments, purpofely made to bring us farther acquainted with 
the nature of white and black. 
1. Take any quantity of fair water, heat it, and add thereto as much ba nature of 

ood common fublimate as it will diffolve,; or till fome of it lie untouched Mack re 
at the bottom of the liquor; then filter this folution thro’ cap-caper, by experiments. 
and, to a fpoonful or two of the clear, add four or five drops of good 

limpid {pirit of urine: fhake them together, and immediately the whole 

mixture will appear white, like milk. After this, if you prefently add 

a convenient proportion of re¢tify’d Aqua fortis, the whitenefs will 
immediately difappear, and the whole mixture become tran{parent ; 

which you may, 1f you pleafe, again reduce to a confiderable degree of 
whitenefs, by pouring thereinto more frefh fpirit of urine. Itis not 

neceflary to employ either 4qua fortis, or fpirit of urine, about this ex- 

periment ; for we have made it with other liquors. 

2. Make a ftrong infufion of bruis’d galls in fair water; and having — 

filtered it into a clean vial, add more of the fame fluid to it, till you have 

made it fomewhat tranf{parent, and fufficiently diluted the colour for the 
eredit of the experiment. In this infufion, fhake a convenient quantity of | 
a clear, but very {trong folution of vitriol; and you fhall immediately fee 
the mixture turn black, almoft like ink: and if, prefently after, you drop 
into this mixture a {mall quantity of good oil of vitriol, and, by fhaking 
the vial, fuddenly difperfe it thro’ the two other liquors ; you will fee the 
dark colour of the whole prefently begin to diffipate, grow clear, tran{- 
parent, and lofe its inky blacknefs; which may be again reftored by the 
affufion of a {mall quantity of a ftrong folution of falt of tartar. And 
tho’ both thefe atramentous liquors will feem very pale, if you write with 
a clean pen dipt inthem; yet that is conmon to them, with fome forts 
of ink, which prove very good when dry ; asI have found, that when 
thefe were carefully made, what I wrote with either, efpecially with 
the former, would, after a while, turn fufficiently black. This ex- 
periment of deftroying and reftoring blacknefs, we have likewife try’d in 
common ink ; tho’ with this it fucceeds not fo well, and but very flowly ; 
becaufe the gum ufually employ’d in making it, oppofes the operations 
of the faline liquors. And tno’ it be taken for granted, that bodies will 
not precipitate with alkalizate falts, which have not been firft diffolved 
in fome acid menftruum ; yet I have found, upon trial, that many vege- 
~ tables, barely infufed, or but flightly boiled in common water, afford, 
upon the bare affuficn of a {trong and clear lixivium of pot-afhes, a large 

quantity of coagulated matter; {uch asI have had in the precipitations of 
vegetable fubftances, by means of acids; and that this matter was eafily 
feparable from the reft of the liquor; being left behind by it in the filtre. 
And, from the firft ink mentioned. in this experiment, I could, by filtra- 
tion, feparate a confiderable quantity of a very black pulverable fubftance. 
And when the ink was made clear again, by the oil of vitrigl, the affufion 
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WYN and render confpicucus, the corpufcles of the black mixture, that had been 
before difperfed,. into very minute and fingly invifible particles, by the 
refolving power of the highly corrofive oil of vitriol. And that galls are 
not abfolutely neceflary to make atramentous liquors, appears from the 
following experiment. We boil’d dry’d-rofe-leaves for a while in fair 
water, and into two or three fpoons-ful of the decoétion, fhook a few drops 
of a ftrongand well filtred {clution of vitriol ; whereupon the mixture 
immediately turn’d black: and prefently fhaking herein a juft proportion 
of Aqua fortis, we changed it from a black to a deep red ink; which, by 
the affufion of a little {pirit of urine, may be reduced immediately to an 
opake blackifh colour. | 

3. In thefe experiments, the infufion of galls, the decoétion of rofes, 
and the folution of vitriol, have each their own colour ; but we may 
fuddenly produce a blacknefs, by mixing an infufion of orpiment, and 
a folution of minium, both whereof fhall be limpid and colourlefs. And 
with thefe liquors may be exhibited a curious and furprizing phenomenon, 
if made and applied in the following manner: 1.'Take of the ftrongett 
anflaked lime about two parts, of yellow orpiment one part, of fair 
water fifteen or fixteen parts; beat the lime grofly, and powder the 
orpiment, with care to avoid the noxious duft: and having put thefe two 
ingredients into the water, let them remain there for two or three hours ; 
ftirring the mixture from time to time. ‘Thus you’ll obtain a fetid liquor ; 
the clear part whereof muft be poured off from the refit, or gain’d by the 
filtre. 2. In the mean time burn a piecé of cork, and quench it, whilft 
fired, for feveral times fucceffively in fair water ; and having, by this 
means, reduced it to a coal, you may eafily, by grinding it with a folution 
of gum-arabic in water, bring it to the colour and confiftence of a good 
black ink. 3. Take any quantity of red lead, and two or three times its 
weight of vinegar, or rather the weak fpirit of it; and, putting the 
powder and that into a glafs vial, let them infufe in fome confiderably 
warm place for two or three hours, till the liquor has acquired a {weet 
tafte. Matters being thus prepared, write what you pleate with a clean 
pen dipt in the folution of the red lead ; which, if filtred, will prove fo 
clear, as to be invifible upon the paper. Over what is thus written, 
you may draw any characters or letters you pleafe, with a pen 
dipt in the black ink made with cork. And, laftly, to fhew the experi- 
ment, dip a linen rag in the fetid folution of the lime and orpiment, 
_ which is alfo limpid, and draw it over the written paper; and this will at 
once both wipe out the ftrokes of the black ink, and render all that was 

‘wrote with the invifible ink con{picuoully black. | 
4. If pieces of white hart’s-horn be, with a moderate degree of fire, 
diftilled ina glafs retort, they will, after the feparation of the phlegm, 
: fpirit, volatile falt, and the loofer and lighter parts of the oleaginous fub-_ 
ftance, remain one behind of a coal-black colour. And even ivory itfelf, 
when skilfully burnt, affords painters one of the beft and deepeft blacks 
: | they 
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they have. Yet, in the inftance of diftill’d hart’s-horn, the operation be- Puysics. 
ing made in glats veflels, carefully clofed, no extraneous black fubftance Cala On 
infinuates itfelf into the white horn ; but the whitenefs is deftroyed, and | 
the blacknefs generated only by a change of texture made in the burnt 
bedy by the recefs of fome parts, and the tranfpofition of others. And 
tho’ I remember not to have ever found the Caput mortuum of diftilled. 
hart’s-horn to pafs from a black to a true whitenefs, whilft it continued 

in clofe veflels ; yet, having taken out the coal-black fragments, and cal- 
cined them in open veflels, I could, in few hours, quite deftroy that 
blacknefs, and, without fenfibly changing their bulk or figure, reduce. 
them to a degree of whitenefs: fo much do thefe two colours: depend: 
upon the difpofition of the little parts that the bodies wherein they are 

to be met with, confift of. And we find, that if white-wine tartar, or 
the white cryftals of fuch tartar, are burnt, without being truly calcined, 
the Caput mortuum will be black. But if the calcination be continued. till. 
the tartar is perfectly reduced to afhes, and kept long enough in a ftrong: 
fire, the remaining calx will be white. And fo we fee, that not only other 
vegetable fubftances; but even white wocds, as the hazel, will yield. a: 
black charcoal, and afterwards whitifh afhes. ‘hus alfo animal fub-. 
ftances, naturally white, as bones and egg-fhells, grow black, upon being 
burnt, and white again, when perfeétly calcined. 

5. Yet I much queftion whether the rule, adufia nigra, perufta alba;, 
will hold as univerfally as is prefumed ; for I have feveral examples to al- 
ledge againft it. By burning alabafter fo as to make it appear to boil. 
almoft like milk, and to reduce it toa very fine powder, it would not. 
grow black at all, but retain its pure and native whitenefs: and tho’, by. 
keeping it longer than ufual in the fire, I produced a faint yellow in that: 
part of the powder which lay neareft the top of the crucible; yet a.cu-- 
rious and experienced ftone-cutter told me he had. found, that if ala-. 
bafter, or plaifter of Paris, be very long kept in a ftrong fire, the whole: 
heap of burnt powder would exchange its whitenefs for a much deeper 
colour than the yellow I obferved. Lead calcined with a ftrong fire, turns: 
at length, to minium, whofe colour we know'is.a deep red ; and if this. 
minium be again urged witha ftrong fire, you will fooner find a glafly 
brittle body, darker than minium, than any white calx or glafs. “Lis. 
known among chymifts, that the white calx of antimony, by a more- 
vehement operation of the fire, may be melted into a glafs ; which we have. 
obtain’d of a red colour far deeper than that of the-calx of burnt anti- 
mony: and tho” common glafs of antimony, being ufually adulterated. 
with borax, have its colour thereby diluted, often to a very pale yellow ; 
yet not only ours, made more genuinely, was, as we faid, of a colour 
lefs remote from black than the calx; but, by’ melting it-once or twice 
more, we found the colour heighten’d. And. if you burn blue unfophifti-. 
cated vitriol. very flowly, and with a gentle degree of heat, you. may) 
obferve, that when *tis burnt only fo faras to:rub to powder betwixt. 


your fingers, it will be of a white, or wiaitifh colour: but, if you profé-- 
i | cute: 
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Puysics. cute the calcination, this body witl-pafs thro’ other colours, as a grey, 
: LANNY a yellowifh, and a red: andif you continue itin a long and vehement 
: fire, by that time it comes to be thoroughly calcined, it will be of a dark | 
purple, nearer to black, not only than the firft calx, but than the vitriol, 
before it at all felt the fire. I might add, that Crocus Martis, made by the 
lafting violence of the reverberated Hames, is not fo near to white as the 
jron or fteel that afforded it, before its calcination. 

Thefe inftances may fuffice to fhew, that minerals are to be excepted 
from the foremention’d rule; which, tho’ it feldom fails in fubftances 
belonging to the animal or vegetable kingdom, may yet be fufpected even 
in fome of thefe, if Bel/owius fay true, that charcoal, made of the wood 
of oxycedar, is white. And I could not find, tho’ harc’s-horn, and 
other white bodies, will turn black in retorts, by heat, that camphire 
would at all lofe its whitenefs ; tho’ I have purpofely kept it in fuch a 
heat as made it melt and boil. 

6. And tho’ I could not, in clofed glaffes, blacken camphire by heat, - 
but it would {ublime to the fides and top of the veffel in its natural form ; 
yet being fet on fire in the free air, it fends out a great {moke: and 
having, purpofely, upon fome of it, whilft famines, clapt a large glais, 
almoft in the form of a hive, with a hole at the top, it continued burn- 
ing, fo as to line all the infide of the glafs with a foot as black asink; and 
in fo great a quantity, that the clofenefs of the veffel confider’d, almoft 
all that part of the camphire which took fire, feem’d to have been changed 
into that deep black fubftance. 

7. Itook rectified oil of vitriol, and, by degrees, mixed with it a con- 
venjent proportion of the effential oil of wormwood; and, warily diftil- 
ling the mixture in a retort, there remain’d a fearce credible quantity of 
dry matter, black asa coal. And becaufe the oil of wormwood, tho’ a 
ehymical oil, and drawn by a virtuofo, feem’d to have fomewhat in it of 
the colour of the plant, I fubftituted, in its room, the pure and fubtile oil 
of winter-favory ; and gradually mixing it with an equal weight of the 
fame oil of vitriol, and diftilling them, as before, in a retort, even thefe 
two clear liquors left me a confiderable proportion of a fubftance black 
as pitch; which I keep by me asa rarity. 

8. Take a little yellow wax, fcraped, or thinly fliced, and putting it 
into a convenient glafs, pour to it a confiderable quantity of fpirit of 
wine ; and, placing the veffel in warm fand, increafe the heat by de- 
grees, till the fpirit of wine juft begins to boil ; and by continuing that de- 
gree of heat, you will quickly find the wax difiolv’d: then taking it off, 
you may either fuffer it to cool as haftily as. with fafety_to the glafs it 
can, or pour it, whilft yet hot, into a filtre of paper; and either in the 
glafs where it cools, or in the filtre, you will foon Eid the wax and men- 
ftruum together reduced into a white fubftance almoft like butter ; which, 
by letting the fpirit exhale, will fhrink into a much lefs bulk, but ftill 
retain its whitenefs. *Iis a pretty phenomenon in working of this ma- 


giftery of wax, that the yellownefs vanifhes, and neither appears ay the 
pirit 
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fpirit_of wine that pafles limpid thro’ the filtre, nor in the butter, if I Puysrcs: 
may fo call it, which is wax well and fuddenly blanched. ™~ 
9. We took two parts of common fublimate, and one of tin-glafs, both 
finely powdered, and exaétly mixed ; thefe we fublimed together, by proper 
degrees of fire, and there afcended a matter of a very peculiar texture, 
for the moft part made up of very thin, {mooth, foft, flippery plates, al- 
moit like the fineft fort of fith-fcales ; but of fo lovely a white, inclining 
to pearl-colour, and of fo curious and fhining a glofs, that they ap- 
_ peared, in fcme refpeéts, little inferior to orient pearls, and, in others 
feem’d to furpafs them. ‘They were applauded for a fort of the prettieft 
tiifles we had ever prepared to amufe the eye. I will not undertake, 
that tho’ a man_can hardly mifs changing the colour of the tin-glafs, that 
he fhall at the firft, or perhaps the fecond trial, hit upon the right way 
of making this glittering fublimate. 
to. When, in 4qua fortis, we diffolve a mixture of gold and filver 
melted into one mais, it ufually happens, that the powder of gold which 
falls to the bottom, as not being difloluble by that menftruum, will not 
retain its own yellow, but appear of a black colour ; tho’ neither the gold, 
the filver, nor the Aqua fortis did before manifeft any blacknefs. And 
many chymifts, when they make folutions of minerals, are very slad to 
fee a black powder precipitated to the bottom ; taking it for a hopeful 
fign, that thofe particles are of a golden nature, which appear in a 
colour fo common to gold, when feparated from other metals by Aqua 
fortis, tho’ fo obftinate, that it is hard for the refiner to reduce the precipi- 
tated calx to its native colour. For tho’ that may quickly be done by fire, 
which will make this gold look very charmingly, and is indeed one of the 
beft waysin practice for the refining of gold ; yer it requires a watchful 
eye, and competent skill, to give it fuch a degree of fire, as will ferve to 
reitore its Iuftre, without bringing it to fufion. I remember, that having 
taken a flat bright piece of gold refined by a curious and skilful perfon, 
on purpofe to try to what height of purity that metalscould be brought by 
art ; I found this very piece, as glorious as it look’d, being rubb’d a 
little upon fine clean linen, fullied it with a kind of black. And the 
like I have obferved in refined filver ; which I therefore mention, becaufe 
I formerly fufpeéted, that the impurity of the metal might have been 
the only caufe of what I have fiecitendy obferved in wearing filver- 
hilted fwords, that where they rubb’d upon my clothes, when made 
light-coloured cloth, they would quickly black them. And thus alfo I 
have found pens blacked nearly all over, upon carrying them about me 
ina filver ink-cafe: And asin thefe feveral inftances of acquired blacknefs, 
the metals are worn off, or otherwife reduced to very minute parts, tis a 
circumftance that deferves tobe remark’d. phish 
t1. That a folution of filver will dye hair of a black colour, is a 
known experiment, wherewith fome perfons of greater curiofity than 
skill have unluckily made their friends very merry. And I lately diverted 
myfelf by an improvement of this obfervation; for having diffolved fome 
Vor. I. a 7 in pure 
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Prrsjcs: pure filver in Aqua fortis, and wholly evaporated the menftruum, I caus‘d 
eS a quantity of fair water to be poured upon the calx, two or three fe- 
veral times ; and to be each time evaporated, till the calx was very dry, 
and all the greenifh blue, that ufually appears in common cryftals of fil- 
ver, quite vanifhed : after this, I made thofe Ehad a defign upon, to moiften 
fome part of their skin with their own fpittle, and flightly rub the moiftened 
parts with a little of the filvyer thus prepared; upon which they were 
iurprized, to fee that a {now-white body fhould prefently produce a deep 
blacknefs there, as if the ftains had been made with ink. This black- 
nefs could not, like that produced by ink, be readily wafhed away ; but 
required a long time to be got off. And with the fame calx, and a_ little 
fair water, we likewife ftain’d the white hafts of knives with a latting 
black, in thofe parts where the calx was plentifully laid on; but where 

it was very thinly fpread, the ftain was not of quite fo deep a colour. . 

‘An inquiry into’ 12. The caufe of blacknefs, in whole nations of Negroes, has been - 

the caufe of long difputed by learned men; who poffibly had done well to have con- 

acknefs in the 5 ¢ ; 

Negroes, fidered why fome whole races of other animals, as foxes and hares, are 
diftinguifhed by a blacknefs unufual to the generality of the fame {pecies. 
However, I fhall freely acknowledge, that this inquiry feems more ab- 
ftrufe to me than it does to many others; becaufe, confulting many 
authors, the accounts of voyages, and travellers, to fatisfy myfelf in 
matters of fact relating to it; 1 have met with fome things among 
them, which feem not to agree with the notion of the moft claffic 
writers upon thishead. As it is, therefore, my prefent bufinefs to deliver 
rather matters hiftorical, than theoretical, I fhall annex fome few of my 
collections, inftead of a formal  difputation. 

It is commonly prefumed, that the heat of the climates, inhabited by Ne- 
groes, is the caufe of their colour ; and this, principally, becaufe we plainly 
fee, that mowers, reapers,. and other country people, who {pend the mott 
part of the fummersdays in the heat of the fun, have the.skin of their hands 
and faces, which are the parts immediately expofed to. his rays, of a dark 
colour, and tending to blacknefs. On the contrary,.we obferve, that the 
Danes, and other inhabitants of cold climates, and even the Exglifb, who feel 
not fo fevere a degree of cold, have ufually whiter faces than the Spaxiards, 
Portugueze, and other Europeaus of hotter countries, But this argument 
feems far more fpecious than. convincing ; for tho’ the heat of the fun 
may darken the colour of the skin, yet experience doth not fhew, .that 
heat alone is fufficient to produce a diicolouration, which fhall amount to 
a true blacknefs, like that of the Negroes. . Befides, m many parts of d/a, 
under the fame parallel, or in the fame degree of latitude with the Afri- 
can regions, inhabited by blacks, the people are but tawny. And. in 
Africa itfelf, many nations in the empire of Exhiopia are not Negroes, tho’ 
fituate-in the torrid zone, and as near the equinot¢tial, as other nations, 
that are black. Again, I find not, by the beft accounts, I could any 
whete obtain of the W¢/t-Indies, that, excepting, perhaps, one place, or 
two, of {mall extent, there are any blacks, originally natives of any 

part 
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part of America; for the blacks, now there, were, by the Evropeans, Puysics. 
long ago tranfplanted thither: tho’ it contains fo great a variety of cli- LAWNS 
mates, and particularly reaches quite crofs the torrid zone, from one rise 
tropic to the otner. “Tis true, the Dawes are a whiter people than the 
Spaniards; yet this may proceed rather from other caufes, than the cold- 

nefs of the climate ; fince the Swedes, and other inhabitants of thofe cold 
countries, are not ufually fo white as the Danes, nor whiter than other 
nations, in proportion to their diftance from the pole. And, inthe nume- 

rous train of an ambaflador extraordinary from the Ruffian emperor, I 
obferved, tho’ it were then winter, the colour of their hair and skins was 

far lefs whitifh than that of the Daves, who inhabit a milder region ; and 
rather, for the moft part, of a darkifh brown. And the phyfician to this 
ambaflador told me, that, in Mufcovy irfelf, the generality of the people 

were more inclined to have dark-coloured hair, than flaxen; but feem’d 
to fufpect, that the true and ancient Ruffiaus, fome whereof he had met 

with in one of the provinces of that vaft empire, were rather white, like 
the Danes, than anything near fobrown, as the prefent Mu/covites, 

whom he guefles to be defcended from the Zartars, and to have inherited 

their colour from them. 

But further, eminent authors inform us, that there are—Negroes in 

Africa, not far from the cape of Good-Hope, and confequently beyond the 
fouthern tropic ; and out of the torrid zone, about the {fame latitude to the 
vmorth, there are many American nations, that are not Negroes; and 

wherein the inhabitants of Candia, fome parts of Sicily, and even of Spain, 
are not fo much as tawny. Nay, I find, by our lateft accounts of Green- 

Jand, that the inhabitants there are olive-colour’d, or rather of a darker 

hue. Butifthe cafe were the fame with men, and thofe other kinds of ani- 

mals, before mentioned.; I.fhould offer a remark, as a confiderable proof, 
that cold may do’much towards making men white, or black. However it 
be, I fhall fet down the obfervation, as deferving a place in the hiftory of 
whitenefs. and. blacknefs. . It is affirmed by Olaus Magnus, and others, 
that, in fome parts of Ruffia and Livonia, hares, foxes, and partridges, 
which were black before, or red, or grey, become white in the depth of 
«winter; by reafon of thegreat coldnefs, thereof... And a virtuofo, who 
lately, travelled,.thro’ Livonia to. Mofcow, confirms this relation; adding, 
»that himfelf had.feen fuch animals there, whilft they were white, which 
the inhabitants aflured him had been black, or of other colours, before 
the winter began, and that they would be fo again, when that feafon 
was over. But, for further fatisfaction, I alfo confulted one, who had, 
-for fome years, been an, eminent phyfician in Ruffia, and who, tho’ he 
_reje&ted fome other traditions,,that are generally believed concerning 

that country, told me, he faw no caufe to doubt of this relation, as to 

foxes and hares; not,only becaufe *tis the common and uncontefted af- 
: fertion of, the natives, but alfo, becaufe he himfelf,. in the winter, could 
- never, that he remember'd, fee foxes and hares of-any, other colour. than 
“white, And I myfelf, having cis a.fmall white, fox brought out of 
rag ae hy 2° cas ois Afra, 
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Puvsres. Ruffia into England towards the latter end of winter, foretold thofe who 
LV fhew’d him me, that he would change colour in the fummer ; and accord- 


ee 


ingly, coming to look upon him in Fwy, I found that his back and fides, 
with the upper part of his head and tail, were already grown of a dark 
colour’; the lower part of the head and belly ftill continuing white. 

Let me add, that were it not for fome feruple, I fhould think more 
than what Olaus relates confirm’d by Olearius, who, in his Account of Mu- 
covy, has this paflage: “ ‘The hares are there grey, but in fome provin- 
“ ces they grow white in the winter.” And foon after-——“ It is not very 
“ dificult to find the caufe of this change, which certainly proceeds from 
“ she outward cold; fince I know that even in fummer, hares will 
“ change their colour, if they be kept for a competent time in a cellar.” 
But in the fame pages this author affirms the like change of colour that , 
happens to hares in fome provinces of Mufcovy, happens to them alfo in 
Livonia; and yet immediately fubjoins, that in Curland the hares vary not 
their colour in winter, tho’ the two latter countries be divided only by 
the river Dugua: for it is {earce conceivable, how cold alone fhould have, 
in countries fo near, fo very differing an effeét ; tho’ not more ftrange, 
than what is believed by thofe who afcribe the complexion of negroes to 
the heat of the fun, when they would have the river Cenega fo to. affect 
the Moors, that tho’ on the north fide they are but tawny, on the other 
fide they are black. There is another opinion as to the complexion of the 
negroes, not only embrac’d by many of the more vulgar writers, but b 
men of eminence and learning ; who would have their blacknefs an effet 
of Noah’s curfe upon Cham. But tho a naturalift may fafely believe all 
the miracles attefted by the holy fcriptures, yet in this cafe to fly to a 
fupernatural caufe, will, I fear, look like fhifting off the difficulty, inftead 
of folving it; for we here enquire not into the firft and univerfal, but the 
proper, immediate, and phyfical caufe of the blacknefs in negroes. Be- 
fides, *tis not exprefs’d-in {cripture, that the curfe meant by Noah to 
Cham, was the blacknefs of his pofterity; but tis plain this curfe was 
quite another thing, clearly expreffing that he fhould be a fervant of fer- 
vants, that is, a very abje& fervant to his brethren: which accordingly, 
in fome meafure, came to pafs, when the J/raelites, the pofterity of Sem, 
fubdued the Canaanites that defcended from Cham, and kept them in great 
fubjetion. But how is blacknefs a curfe ? for navigators tell us of black 
nations, who think fo differently of their own condition, that they paint the 
devil white. ees 

Blacknefs is not inconfiftent with beauty, which depends not fo much 
oper colour, asan advantageous ftature, a comely fymmetry of the parts 
of the body, and juft features in the face; fo that I fee not why it fhould 


be thought fiuch a curfe to the negroes, unlefs, perhaps, they going naked 


in thofe hot climates, the colour of their skin probably makes the fun- 
beams more fcorching to them, than they would prove to people of a 
white complexion. *Iis very probable that the principal caufe of black- 
nefs in negroes, is fome peculiar and feminal impreffion ; for black chil- 

dren, | 
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dren, brought over into thefe colder climates, lofe not their colour. And Puysics. 
credible authors inform us, that the offspring of negroes, tran{planted LAY, 
out of Africa above a hundred years ago, ftill retain the complexion of 
their progenitors ; tho’ poffibly, in tra€t of time, it will, decay: on the. 
other hand, white people removing into very hot climates, have their 
skins, by the heat of the fun, {corch’d into dark colours; tho’ neither 
they nor their children are obferv’d, even in the countries of negroes, to: 
deicend to a true black. Yet Pifo tells us, that betwixt the Americans and. 
negroes, are generated a diftiné fort of men, which they call Cabocles ; 
and that betwixt Portugueze men and Ethiopian women, he has fometimes 
feen twins, one whereof had a white skin, and the other a black one, . 
with other the like effeéts of feminal impreffions, from whence they feem. 
to preceed ; fince even organical parts may receive great differences from. 
fuch peculiar impreffions, upon what account foever they came to be fet- 
tled in the firft individuals, from whom they are propagated to pofterity ;. 
as we fee in the thick lips and flat nofes of moft nations of negroes. And. 
if we may credit what learned men deliver concerning the little feet of 
the Chinefe, the Macrocephali, taken notice of by Hippocrates, will not be the- 
only inftance we might apply to our prefent purpofe. And on this occafion 
it may not be impertinent to add what I have obferved in other ani- 
mals. ‘Uhus there is a fort of: hens which want rumps; and I havefeena. 
perfectly white raven, both in bill and feathers; which I attentively con- - 
fider’d, for fear of being impos’d upon. A very ingenious phyfician -has . 
often told me of a young lady, a patient of his, who greatly complain’d. 
of want of health, tho there appear’d fo little caufe thereof. in any re-. 
{pect, that he concluded it wholly imaginary, and advis’d. only little: 
journeys of pleafure ; when going-once to vifit St. Winifrid’s. well,. the: 
lady, who was a catholic, and devout in her religion, having continued a. 
pretty while in the water, to perform fome devotions; fix’d her eyes very ~ 
attentively upon the.red pebble ftones, which, in a {catter’d order, made : 
a large part of thofe that appear d thro the water.. A while after this, . 
the grew big, went her time, and was deliver’d of a child, whofe skin. 
was plentifully {peckled with {pots of the colour-and magnitude of thofe 
ftones: and tho’ this child is many years old, yet fhe-ftill retains them.. 

have but two things here to add concerning the blacknefs of ‘negroes ; . 
‘the one is, that the feat of that colour, feems to be: only the thin outward | 
skin; for I knew a young black, who, having been lightly fick of the - 
fmall-pox or meafles, had, in the places of the puftules, whitith {pecks . 
left behind. And Pifo affures us, that upon difle@ing many negroes -in 
~ Brazil, he. found their blacknefs went no. deeper than the cutiele,. which 
being removed, the cutis appear’d as white as that of European bodies. 
And the like has been affirm’d tome by_a phyfician, who difleéted a-ne- 
groe in Englaxd. ‘The other thing I thall here-take notice -of concerning - 
negroes, is, that an: intelligent acquaintance of mine; who keeps about _ 
three hundred, women and men, to work in his plantations in the Jndies, . 
told me their children came into the world almoft of -the- like sti wel 

: our, 
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lour with our Ezropean children; and that in a few days after they ap- 
pear’d black. Agreeable hereto is the account lately publifh’d by a Jefur, 
one of the miffionaries into South-America, who there baptizd feveral 
infants; which, when newly born, he fays, were much of the fame colour 


with European children, but within about a week begin to put on the hue 


of their parents. More full is the teftimony of our countryman, Audrew 
Bartel ; who being fent prifoner to, Angola, lived there, andin the adjoin- 
ing regions, near eighteen years ; for he mentioning the African kingdom of 
Lougo peopled with blacks, fays, according to Purchas, “ 'The.children in 
“ this country are born white, and change their colour in two days to,a 

erfeét black. ‘Ihe Portuguexe, in the kingdom of Longo, have fometimes 
children by the negroe women ;, and the fathers. are often deceiv-d, 
thinking that when the child is born, itis theirs, and within two days 
“ it proves itfelf the child of a negroe.’ And the fame perfon has elie- 
where a relation, which, if we may creditit, is very well worth our notice ; 
fince this, together with what we have formerly mention’d of feminal im- 
preffions, fhews it poffible that a race of blacks might be begun, tho’ none 
of the fons of Adam were for, many precedent ‘generations of that ;com- 

lexion. ’Tis furely as poffible, that white parents may fometimes have 
black children, as that African negroes fhould fometimes have laftingly 
white ones; efpecially fince concurrent caufes may more eafily favour the 
production of the former, than, in the feorching heat of Africa, that of 
the latter. And I remember, what may a little countenance this aflertion, 
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that the poffeflor of the white raven I formerly mention’d, affirm’d to me, 


that in the neft, out of which he was taken white, they found with him 
another young one, of as perfect a black as any common raven. But to 
come to the paffage itfelf: “ There are, fays our author, {peaking of the 
“regions formerly mention’d, born in this country white-children, which 
“ is very rare among them, for their parents are negroes; and when any 
“ of them are born, they are prefented to the king, and are call'd Dondos. 
“ Thefe, who are as white as any white men, are the king’s witches, 
“ and are brought up in witchcraft, and always wait-on the king. There 
© +¢no man that dares meddle with thefle Doudos ;-if. they go tothe mar- 
“ ket, they may take what they lift; for all men ftand in awe of them. 
“ The King of Longo hath fourofithem.”, Yet this country in our globes 
is placed almoft in the midft.of the torrid zone ; and our author elfewhere 
tells us, that the inhabitants here are fo fond of their blacknefs, that they 
will not fuffer the whites to be buried in:their land; of which he an- 

nexes a particular example, that may: be feen in his voyage, (preferv'd 


‘by the induftrious Purchas. But it is high time;to return to our expe- 


riments. . a 
13. The way of producing whitenefs by chymical precipitations, 1s 
well worth our obferving; for thereby bodies of very different colours 
and natures, tho’ difolved in various liquors, are all reduced to white 
powders. ‘Thus we find, that not only: crabs eyes, and pearls, but red 
coral,’and ‘minium, being diffolved in fpirit of vinegar, may be uni- 
formly 
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formly precipitated by oil of tartar into a white calx. Thus filver, and Puysics. 
tin, feparately difiolved in Aqua fortis, will the one precipitate itfelf, and UY 
the other be precipitated, by conymon falt-water into white powders ; 
and fo will crude lead, tin-glafs, and quick-filver, diflolved in Aqua fortis, 
and precipitated ; and many of thefe powders may be made, at leaft, as 
fair and white, if, inftead of oil of tartar, they were precipitated with 
oil of vitriol. Nay, that black mineral ‘antimony being reduced, by the 
falts that concur to compofe common fublimate, into the clear unctuous. 
liquor, called rectify’d butter of antimony, will, as was before obferved, - 
by the bare plentiful affufion of fair water, be ftruck down into a fnow- 
white powder ; which, when well wafhed from its faltnefs, is term’d 
Mercurius vite; tho’ the like powder may be made of antimony, without 
the addition of any mercury at all. And this whitenefs: commonly en- 
fues, when fpirit of wine, impregnated with thofe parts of gums, or 
other vegetable concretions, fuppofed to abound with fulphureous cor- 

ufcles, is fuddenly diluted with fair water. And on a tin@ure of 
Badifankit’ drawn with fpirit of wine, and brought to be as red as 
blood, having poured fome fair water, it prefently united with the 
tin@ture, and turn’d the whole mixture white. But if fuch milky fluids 
be fuffered to ftand at reft for a convenient time, they ufually let fall 
to the bottom a refinous fubftance ; which the fpirit of wine, diluted, and 
weakned by the water, was unable any longer to fuftain. And fome- 
thing of kin to this change of colour in vegetables, is that. which chymifts 
obferve, im pouring acid {pirits to the red folution of fulphur, made with 
an infufion of pot-afhes, or forme fharp lixivium ; when the precipitated 
fulphur, before it fubfides, immediately turns the red liquor . white: 
But tho’ moft precipitated bodies are white, yet fome are not. Gold, 
diffolved in Aguaregis, whether precipitated with oil of tartar, or with 
fpirit of fal-armoniac, will’not afford a white, but a yellow calx. _Mercu- 
ry alfo, tho’ reduced to fublimate, and precipitated with liquors, abound- 
ing in volatile falts, asthe {pirits drawn from urine, hart’s-horn, and 
other animal fubftances; yet’ afiords, as we formerly notéd, a white 
sea but, with fome folutions, hereafter to be mentioned, it will 
et fallan orange-tawny powder. And fo will crude antimony, if, be- 
ing diflolved in a ftrong lixivium, you pour any acid’ liquor upon the fo- 
jution, newly filtred, whilft itis yet warm. And if, upon the filtred 
folution of vitriol, you pour a folution of lixiviate falts, there will fub- 
fide a large fubftance, very far from white, which the chymifts call ful- 
phur of vitriol ; fo that the greaveft part of diffolved bodies being, by 
precipitation, brought to white powders, and yet fome affording preci- 
pitates of other colours, the reafon of’ both the phenomena may deferve 
to be inquired into. 2 fe foe | | 


14. Some learned moderns are of opinion, that the reafon why white- ther ack 


néfs and blacknefs. ought to be called the two extreme colowrs, is, that mien ae 
black récéives no other colour, but white very eafily receives ehem all. prte a4 ce 
And, not to difpute about words, or expreffions, the thing itfelf, thas i ? 
oN affirme 
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Puysics. affirmed as matter of faét, feems to be true, in moft cafes, but not in 


all. For tho’ it bea common obfervation among dyers, that cloth, which 
has once been thoroughly imbued with black, cannot well afterwards be 


dyed of a lighter colour; yet the experiments, lately delivered, may 


fhew, that, were the change of colour. in black bodies attempted, not 
by mixing thofe of lighter colours with them, but by adding fuch things, 
as are proper to alter the texture of thofe corpufcles, which contain the. 
black; ’tis no difficult matter to effleét. For inks of feveral kinds, 
may immediately be deprived of all their blacknefs; and thofe made 
with log-wood, and red rofes, be changed, the one into a red, the 
other into a reddifh liquor. With oil. of vitriol, I have fometimes 
turn’d black pieces of {ilk into a kind of yellow; and tho’ the taffaty 
were thereby made rotten, yet that no way prejudices the experiment ; 
the change of black filk, into yellow, being never the lefs true, be- 
caufe the yellow filk is not good. And as for whitenefs, I think the 
general affirmation of its being fo eafily deftroyed, or tranimuted, by 
any other colour, ought not to be received, without fome cautions, and 
reftri€tions. For tho’, according to what I formerly noted, lead is, by 
calcination, turn’d into that red powder, called minium ; and tin, by the 


fame means, reduced. to a white calx; yet the common putty, inftead of | 


being, as it is pretended, and ought to be, only the calx of tin, is, by 
the artificers who make it, to fave the charge of that metal, compofed 
but of half tin, and half lead, if not far more lead than tin; and yet 
the putty, in fpight of fo much lead, isa very white powder, without 
difclofing any mixture of minium. And fo, if you take two parts of 
copper, which is a high-coloured metal, and but one of tin, you may, by 
fufion, bring them into a mafs, wherein the whitenefs of the tin is much 
more confpicuous, and predominant, than the reddifhnefs of the copper. 
Anda very honeft man aflures me upon his own experience, that if 
arfenic and copper be melted together in a due proportion, the arfenic will 
blanch the copper both within and witheut ; and that this white mixture, 
skilfully kept upon the cupel, would prefently let go its arfenic, which 
made whitenefs its predominant colour, and return to the reddifhnefs of 
copper: fo that fome white mineral bodies may be very:capable of eclip- 
fing others, and of making their colour predominant. in mixtures. ‘And, 
‘as a further.confirmation of this, I remember, that I had a lump of 
filver and gold, melted.together, wherein, by the ‘eftimate of a very ex- 


perienced refiner, there might be about a third part of gold; yet the - 
yellow colour of that metal‘was fo hid, that the whole mais appeared to: / 


be filver; and, when rubbed upon the touch-ftone, ‘twas not eafily 
diftinguifhed from the touch of common filver: tho’ if I put a little Aqua 
fortis, upon any part of the white furface it had given the touch-ftone, 
the filver, in the moiftened part, being immediately taken up, and con- 
ceal’d by the liquor, the golden particles would prefently difclofe them- 
felves, and look asif pure gold alone had been rubbed upon the ftone. 


1s. Having 
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15. Having fcraped a piece of black horn, with a piece of glafs, into ma- Prysrcs, 
ny thin curled fhavings, and laid a quantity of them together; I found, UA WNY 
that the heap they compofed, was white: and tho’ if\I laid it ona clean 
piece of white paper, its colour feem’d fomewhat eclipfed by the greater 
whitenefs of that body ;. yet if Ilaid it upon any thing very black, it ap- 
peared to be cf a good white. ‘This eafy experiment feems very oppofite to Colours depend 
their dcétrine, who would have colours fow from the fubfantial fOrMS fo ntial fords of 
of bodies; and that of the chymifts alfo, who afcribe them to one, or bodies. 
other, of the three hypoftatical principles: for tho’, in our cafe, there 
was fo great a change made, that the fame body, without being, fub- 
{tantially, either increas’d, or leflen’d, pafles immediately from one ex- 
treme colour to another, even from black to white ; yet this fo great and 
{udden change, is effected by a flight mechanical tranf{pofition of parts; 
there being no falt, fulphur, or mercury, added, or. taken away ; nor 
any {ubttantial form generated, and deftroyed ; the efieét proceeding only 
from a Iccal motion of the parts: which fo vary d their pofition, as to 
multiply their diftinct furfaces, and qualify them to refleét far more light 
to the eye, than they could before they were {craped off from the entire 
body of the black horn. | 

16. The chymifts, we know, ufually affign, for the caufe of black- 7% chymical 
nefs, the fuliginous fteams of aduft fulphur ; but many of the preceding either oy 
experiments will abundantly confute this doétrine. If they here mean the fied. 
fumes of common fulphur, *tis proper to remind them, that fufion, or 
{ublimation, does not turn that fubftance black; but it thereby becomes 
_xather more than lefs white ; and, when fired, it affords fo little foot, as 
{carce, in any degree, to blacken white paper; but the {moke of it rather 
blanches linen, and turns red rofes pale. Befides, I have feena fixed 
Kind of fulphur kept, for many weeks together, in a very violent fire, 
that did not, when cool’d, appear black, but of a true red. If, by ful- 

hur, they mean the fulphureous principle ; upon this fuppofition, torri- 
yd fulphur fhould afford more blacknefs, than moft other concretes ; 
_ wherein that principle is fuppofed more deficient. Yet {pirit of wine, tho’ 
totally inflammable, will not, by burning, difcolour white paper, held 
over ; and the fmoke of our Tiny coals has been found, rather to 
blanch, than blacken linen. ‘To thefe particulars, many others, of the 
fame kind, might be added ; but we need only look back, for further fa- 
tisfaction, to our way of making black inks, from fubftances of diferent 
colours ; for how can it be faid, that, when the component liquors thereof 
are put together, actually cold, and continue fo, after their mixture, 
there intervenes any new adutftion of fulphur, to produce the emergent. 
blacknefs? And when, by inftilling a few drops of oil of vitriol, 
@c. the blacknefs, produced in thofe experiments, is prefently deftroy’d ; 
if the colour proceeded only from the fulphureous parts, torrity’d, 
in the black bodies, I demand, what becomes of them, when the co-. 
Jour fo fuddenly difappears? for it cannot reafonably be faid, that all 
thofe which fufficed to make fo great a quantity of black matter, fhould 
Vot. II. t H refort 
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‘Puysics. refort to fo very {mall a proportion of the clarifying liquor, and be di- 
Wry luted by it, without giving it any blacknefs. And if it be faid, that the 
inftilled liquor difperfed thofe black corpufcles ; Idemand how that dif- 
perfion comes to deftroy their blacknefs, but by fuch a local motion of 
their parts, as deftroys their former texture? This may be a matter of 
fuch moment, in cafes like ours, that I remember I have, in a few hours, 
without addition, from foot itfelf, obtain’d a large quantity of cryftalline 
-falt, and of a tranfparent liquor ; yet this black fubftance had its colour 
fo altered, by the change of its texture from the fire wherewith it was 
diftilled, that it did, for a great while, afford fuch plenty of very white 
exhalations, that the receiver, tho’ large, feem’d to be almoft fill’d with 
milk. Secondly, But were it granted, as it isin fome cafes not impro- 
bable, that bodies may receive a blacknefs from a footy exhalation, oc- 
cafion’d by the aduftion of their fulphur, or oily parts; yet this is appli- 
cable only to fome particular bodies, and will afford us no general 
theory of blacknefs. For if, for example,. white hart’s-horn, included 
in veflels well luted to each other, and expofed to the fire, be faid to turn 
black, by the infection of its own fmoke; I think I may juftly demand, 
what makes the fmoke, or foot itfelf, black, fince no fuch colour ap- 
peared before in the hart’s-horn ? And, with the fame reafon, when we 
are told, that torrify’d fulphur makes bodies black; I defire to be told 
alfo, why torrifaction makes fulphur itfelf black? Nor will there be any ~ 
fatisfactory reafon affigned of thefe queries, without takine in thofe in- 
telligible mechanical principles of the pofition and texture of the minute 
arts of the body, with regard to the light and the eye; which may. 
ferve the turn, in many cafes, where the aduftion of fulphur cannot be 
pretended ; as in the apparent blacknefs of an open window, view’d at a 
a diftance, Oc. in which, and many other.cafes, formerly alledged, there: 
appears nothing requifite to the production of blacknefs, but a prevention. 
of the incident rays of light, from being plentifully enough reflected to 
the eye *. In fhort, the do€trine I here oppofe, is pleaded for, as chy- 
mifts commonly argue about qualities; who content themfelves to fay in 


* For the produdtion of black, Sir Ifaac 


Newton oblerves, that “the corpufcles of 


** the body muft be much lefs. than any 
** of thofe which exhibit colours. For 
* at all greater fizes, there is too much 
** light refle&ted, to conftitute blacknefs. 
“* And from hence, fays he, may be un- 
~ “© derftood, why fire, and the more fubtile 
** diffolver, putrefaftion, by dividing the 
“ particles of fubftances, turn them to 
“« black; why fmall quantities of black 
** fubftances impart their colour very free- 
“* Jy, and intenfely, to other fubftances, 


“< particles of thefe, by reafon of their 
“© very great number, eafily overfpreading: 
the grofs particles of others ; why glafs,. 
ground very elaborately with. fand, on, 
a copper-plate, till it be well polifhed,. 
makes the fand, together with what is. 
worn off. from the glafs and copper, be-. 
come very black; why black bined 
do fooneft, of all others, become hot. 
in the funs light, and. burn;.. confider-- 
ing the multitude of refra&tions in a 


6é 
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“ littke room, and the eafy commotion: 


‘* of fuch very finall corpufcles,. &c.” See: 


* to which they are applied ;. the minute! Newtom Optics. ps 235° 
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what ingredient of a mixed body a particular quality refides, inftead of Puysics. 
explaining its nature. , 7 : , 


SEC T. III. 


} aes propofe to throw together the mifcellaneous experiments I have 
made, with relation to colours. 

I know of no way more likely to convince the generality of men, how papa tg 
great a fhare the variable texture of bodies may have, in making them ced iy hee 
appear of differing colours, than by fhewing how the addition of a fingle #ereden 
ingredient, that either is colourlefs, or at leaft has not any of the colours 
to be produced, is immediately able, by introducing a fecret change of 
texture, to make the body ’tis put to, appear fometimes fo one colour, 
fometimes of another ; according as the parts of the body wrought upon, 
are difpofed to receive fuch a change, as modifies the incident rays of 
light, after the manner requifite to make them exhibit a blue, a green, a 
red, or fome other particular colour. | 

For this end, I made choice of the fpirit of falt, as that which is very 
-fimple ; and which, if it be not too highly reétified, may be had clear, 
and colourlefs. With this fpirit, I proceeded to make the following ex- 
periments, upon feveral bodies, whofe differing textures feem’d to fit 
them for my purpofe. | : | 

1. Some drops of well-coloured fyrup of violets, being let fall together 
ee piece of white paper; if a third, or fourth part fo much fpirit 
of falt be mixed with them, the fyrup will prefently become of a red co- 
Jour, ufually inclining to purple. | | ny 

2. But if the liquor to be acted on, be otherwife difpofed, ’tis poffible, 
with fpirit of falt, to turn it from ablue colour, not to a red, but toa 
green ; as I have fometimes done, by letting fall into a deep folution of 
flings of copper, made with an urinous fpirit, as that of fal-armoniac, 
juft as many drops of fpirit of falt, as were requifite to produce the 
change intended. A very fmall error, either in excefs, or defect, may 
leave the mixture ftill blue, or bring it to be colourlefs. | 

3. Upon a few drops of good fyrup of violets, let fall two or three drops 
of good fpirit of urine, hart’s-horn, or the like; and when, by mixing 
them well, the fyrup has acquired a fine green colour; by putting to it 
a little of the fpirit of falt, and ftirring it, you may turn the green 
fyrup into a red. | 

4. If you put a quantity of red rofe-leaves, well dried, into a glafs vial, 
almoit full of fair water; and, foon after, put to them as much fpirit of 
Malt as will make the water pretty fharp ; you will quickly fee, both that 
Igquor, and the contained leaves, brought to a fine lovely red, which they 
will long retain. The like effe@ fpirit of falt will have on fome other 
vegetables of a ftiptic, or of an aftringent nature. 

_ 5. But if, by infufing brazil-wood in fair water, you make a tin@ture of 
it, which you may much deepen,by dropping into it a little {pirit of hart’s- 
horn, or of urine ; and you then put to ita little fpirit of falt, it will pre~ 

H 2 | we fe fently 
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fently change from a deep reddifh colour, to a colour far more pale, or 
rather yellow; fo that the fame fpirit acting upon two vegetable 
tinctures, differently difpofed, draws out, and heightens rednefs in the 
one, and deftroys it in the other. 

6. If you make an infufion of true Liguwm Nephriticum, in {pring water, 
it will appear of a deep colour, like that of an orange, when you place the 
vial between the window and your eye; and of a fine deep blue, when 
you look on it with your eye placed between it and the window : but if 
you fhake into this liquor a few drops of {pirit of falt, the blue colour 
~ will prefently vanifh, and appear no more, in what light foever you view 
the vial ; tho’ the liquor will ftill retain the orange-cvlour. 

7. We took common writing-ink, and having let fall feveral drops of it 
upon a piece of white paper; fo that, when it grew dry in the air, fome 
parts of the ink lay thick, and fome thinner, upon the paper, whereon it 
{pread itfelf : we then put a few drops of ftrong fpirit of falt, fome on one 
part of the black’d paper, and fome on another; and obferved, that in 
thofe places, where the fpirit had been put, or to which it reached, the 
blacknefs was quite deftroyed, and was fucceeded by an unpleafant kind of 
colour, that feem’d, for the moft part, to participate of yellow and blue, 
neither of them good in kind. | 

8.If in fpirit of falt, you diffolve filings of fteel, and flowly evaporate 
the filtred folution, it will fhoot into a kind of Vitriolum Martis, which ap- 
pears green, as well as that which chymifts vulgarly make with oil of 
vitriol. And if you take thefe cryftals, made with fpirit of fal, and, 
when they are dry, keep them in a crucible; you will find, that even a 
moderate fire, if duly apply’d, will make them, in a fhort time, ex- 
change their green colour for a red, like that of the finer fort of Crocus 
Martis: as, indeed, this operation makes them referable to that fort of 
medicine. 

9. We took fome mercury, precipitated per fe ; and tho’ crude mercury is 
not, as far as I have tried, foluble in our Englifh fpirit of falt ; yet this 
red precipitate readily diffolved in that liquor, without at all impart- 
ing its own celour to it. I alfo found, that red lead, being boil’d a 
while in good {pirit of falt, the rednefs totally difappear’d. So that the 
fame agent which produces rednefs in feveral Bates, in our two cafes 
quite abolifh’d it. Thus alfo, the reddeft coral being diffolved in our 
menftruum, the rednefs vanifhes, and the folution appears colourlefs. 

10. Take {mall filings of copper, and having poured thereon good fpirit 
of falt, tillit {wim, about two fingers breadth over them ; keep the vialin 
a pretty ftrong fand-heat, till you perceive the menftruum has diflolved a 
competent part of the metal: then warily take out the vial, and holding 
it between your eye and the light, you will perceive the folution of copper 


to be of a dark and troubled colour, often inclining to a Geen, eae 


muddy red. 


11.Butif you pour this olution intoa wide-mouth’d glafs, and let it ftand. 


for a competent time, the expofed liquor. will appear of a green, much 
finer than that of the cryftals of iron, - ae ” Take 
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12. Take the clear limpid folution of filver, or of mercury, made in Agua Pnysics, 
fortis, and drop upon it fome fpirit of falt ; and you will find the clear Fras, 
liquor turn’d white as milk, which, after a while, will let fall a precipi- 
tate of the fame colour. 

13. And if, inftead of a folution of filver, or quick-filver, you take a red 
folution, or tincture, of benjamin, or of the refinous part of jalap root; 
you ll alfo have, upcn the affufion of {pirit of falt, a white liquor, anda 
precipitate of the fame colour. 

14. Being defirous to produce two differing colours at once, by the fame. 
affufion of fpirit of falt; I infufed fome dry’d red rofe-leaves in fair 
water, till it had acquired a deep colour from them: to this infufion, 
poured off. warily, that it mig'it be clear, I added a confiderable propor- 
tion of the fweet liquor, made by digefting fpirit of vinegar upon red 
lead ; by which I knew ‘twould be turn’d of a bluifh green. Upon this 
almoft opake liquor, I pour’d fpirit of falt, which precipitated the lead 
that had been diflolved in the {weet liquor, into a very white powder, 
and gave the remaining liquor, well impregnated with particles of the - 
rofe-leaves, a very fine and durable fcarlet colour. And if the experi- 
ment be well made, you may barely, by fhaking together, and confound- 
ing the white powder with the red liquor, make a carnation-colour, | 
which will appear very fine and lovely, whilft it lafts; but, in no long » 
time, the two fubftances that compofe it, feparate, by degrees, and ap- 
pear each in its former place and colour. | 

15. We took fome fpirit of falt, that, having laid long upon filings of - 
copper, had loft the muddy tincture it firft acquired, by being almoft 
boil’d upon them.. This liquor, that look’d like common. water,. we - 
pour d into a {mall wide-mouth’d cryftal glafs, and leaving.it in a win- 
dow, it appeared, in forty minutes, to have acquired.a colour, much like | 
that of a German amethyft ; and {eem’d to. have no tendency to ereennefs. | 
But in about three hours time, it appear’d of a lovely green. 

16. Precipitate a ftrong folution of fublimate made in fair water, with a. 
fufficient quantity of oil of tartar, per deliquium ; put the liquor and powder 
into a filtre of cap-paper, and when the.water 1s run. thorough,. the pre- 
cipitate will remain in the filtre ; which is to be flowly dry’d. . Then take 
it out of the filtre, in the form of a grofs powder, and having put it into 
a clear glafs, let fall on it, warily, fome drops of ftrong fpirit of falt; 
and, during the conflict. that.will be made, the little lumps of the pre- 
cipitate will lofe all their former brick-duft colour, and. turn white; tho’ 
eae they will appear diflolved into a tranfparent liquor, wherein | 
the orange-colour is quite abolifhed. 

17. Having calcined copper, without any addition, but of fire and water; 
we took a quantity of it, and having poured thereon about three or four 
times its quantity of good fpirit of falt, we obtain’d a muddy reddifh 
liquor, and a white powder, whofe quantity bore a confiderable pro- 
portion to the part that was diflolved; in which. part itfelf, by the aflu- 
fion of common water, and the action of the air, we afterwards pro- 
duced more than one change of colour. : We 
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Pursics. 18. We fometimes took a fpoonful of the dark brown, or fomewhat - 
WV reddifh folution of copper; and having put it into a cylindrical vial, that 
the change of colour might appear the better, we poured on it two or 
three fpoons-ful of highly rectify’d vinous fpirit ; and giving the glafs a 
fhake, to mingle them, we prefently had a lovely green liquor; which, 
when well fettled, was very fair, and look’d as if it were a liquid 

emerald. 

19. Having moiften’d a {mall part of fome green taffaty-ribband, twice 
or thrice, with good fpirit of falt, we fuffer’d ic to dry of itfelf, which it 
did in a fhort time ; and then found, that the part wetted was no longer 
of a green, but a blue colour. The fame fpirit prefently turn’d that part. 
of a piece of black ribband, upon which we put twoor three drops of 
jt, to a colour not unlike what is call’d Fuezlle morte. | 

20.’ Lis ufual to fee books covered with paper, that looks fometimes of ° 
a greenifh blue colour, bordering upon purple; and fometimes upon that 

of violets. ‘The deeper coloured paper of this fort, I have feveral times 
held in one hand, and with the other lightly touched it here and there 
with the end of a feather, dipped in fpirit of falt; which almoft in the 
twinkling of aneye, dy’d the touched parts of the paper of a lovely red, _ 
that would fometimes long continue very vivid. And if, inftead of a 
feather, I ufed a brufh, dipt in the faline fpirit, and made many 
drops at once fall upon the paper; “twas pleafant to fee how fuddenly 
it would be {peckled. 

21. Upon well-powdered antimony, we pour’d three or four times’ its 
weight of good fpirit of falt ; and caufed it to be boiled in this liquor, 
in a glafs veffel, wherein a part of it was diflolved, and taken up into 
the menftruum ; when the antimony quite loft its blacknefs. And this {pi- 
rit of falt, thus impregnated, being dropped into fair water, the black 
mineral immediately fubfided, in the form of a very white powder or pre- 
cipitate. | 

re by the way, it were not amifs, if phyficians, chymifts, Oc. 
who compound drugs, or other ingredients, would be leis forward 
than they ufually are, to jumble feveral of them together either unne- 
ceflarily, or without a due regard to their qualities, in refpect of one 
another. For moft of us are buttoo liable to be miftaken, when we 
prefume before-hand to fay what changes the coalition, or other aflocia- 
tions of differing bodies fhall produce ; efpecially if they be either faline, 
or plentifully partake of a faline nature: fince experience frequently — 
thews, that by the action and re-aétion confequent upon untry’d ways of 
compofition, there arife in the mixture new and unlook’d-for confiftences 
and other qualities or accidents. And tho’ it may fometimes happen, 
that thefe new qualities fhall prove advantageous, yet this may weil be 
look’d upon but as a lucky chance; and it may ftill be juftly fear’d, © 
that, ordinarily, fuch accidental qualities of a medicine will prove to be 
either worfe than were expected, or at leaft different from what was de- 
fign’d, and confequently lefs fit for the phyficians or the artifts pace fy 
pit 1, O¢t00. 
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, 2 
upon COLOURS. 
1. O&ob.11. About ten in the morning, the weather being fun-fhiny, we 
took feveral forts of ftain’d paper, fome nf one colour, and ei of ich pe 
and in a darkned room, whole window look’d fouthward, we with them Exteriments 
-caft the beams that enter’d at a holeabout three inches and a half in diame- ard nam 
ter, upon a white wall that ftood on one fide, about five foot diftance from 
them. The white gave much the brighteft reflection. The green, red, 
and blue being compared together, the red gave much the ftrongeft re- 
flection, and maniteftly threw its colour upon the wall; the green and 
blue were fcarce difcernible by their colours, and feem’d to reHleG an al- 
moft equal light. ‘The yellow, compared with the two laft, reflected fome- 
‘what more light. ‘The red and purple being compared together, the former: 
manifeftly refle¢ted much more light than the latter. ‘The blue and purple 
compared together, the former feem’d to reflect fomewhat the more 
light, tho’ the purple colour was moft vifible. A fheet of very well fleek’d 
marbled paper being apply’d as the others, did not caft any of its diftin@ 
colours upon the wall, nor throw its light with an equal diftufion thereon ; 
but fent the beams unftain’d and bright to particular parts thereof, as if 
its polifh had given it the nature of a {peculum. But comparing it witha 
fheet of white paper, we found the reflection of the latter to be much the 
ftronger ; this diffufing almoft as much light to a confiderable extent, as. 
the marble paper did to one part of the wall. The green and purple left 
us fomewhat in fufpence which reflected the moft light ; only the purple 
feat have fome little advantage over the green, which was dark in 
its kind. . | 
2. Though a darken’d room be generally thought requifite to make the 
colour of one body appear by reflection from another that is not fuppofed. 
to act as a fpeculum ; yet I have often obferv’d, that when I wore waft-. 
coats lined with filk that was very glofly and vividly colour’d, but 
efpecially if red, I could inan enlighten’d room plainly difcern the: colour: 
- upon the pure linen that-came out at my fleeve ; as if that fine white body 
were umpre of a mirror than colour’d and unpolifh’d bodies are ufually 
fuppofed. a 
at Holding ftain’d fheets of paper, fometimes one, and fometimes ano-- 
ther, before the hole.of the window in the darken’d room, betwixt the 
fun and the eye, with the colour’d fides obverted to the fin, we found 
them fingly to be fomewhat tranfparent, and to appear of the fame colour 
as before, only a little alter’d by the great light they were placed in: but 
applying two of them one over another to the hole, the colours were com- 
- pounded as follows. The blue and yellow fcarce exhibited any thing but 
a darker yellow, which we afcribed to the coarfenefs of the blue paper,. 
and its darknefs in its kind. For applying the blue parts of the marbled. 
. paper with the yellow paper after the fame manner, they exhibited a 
gocd green. ‘The yellow and. red look’d upon together, gave us but a 
dark red, a little inclining toan orange-colour. ‘The purple and red 
view’d together, appear’d more deeply fcarlet. "Fhe purple and. yellow 
made anorange. ‘Lhe green and red made a dark orange-tawny. The 
| ETeely 
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Prysies. green and purple made the purple appear more dirty. The blue and 
LVN purple made the purple more delightful, and far more deep. The red 


Fig 


parts of the marbled paper view ’d with the yellow, appear’d of a red, far 
more like fcarlet, than without it. But the fineneis or coarfenefs of the 


' paper, its being carefully or flightly colour’d, with many other circum- 


frances, may fo vary the events of fuch experiments, that they ought to be 
carefully repeated, before any conclufion is drawn from them. 

4. The triangular prifmatic glafs being a very commodious initrument 
to fhew the nature of colours, we thought proper to obferve the feveral 
refleétions and refrations which the rays of light undergo in falling upon 
or paffing through it. And this we imagined might be beft done, not in 
‘an ordinary enlighten’d room, where even the curious have left particulars 
unregarded ; but in a darken’d one, where, by placing the glafs in a 
convenient pofture, the various refletions and refractions may be diftinct- 
Ay obferv’d ; and where it may appear what rays are untinged, and which 
they are that paint upon the bodies whereby they are ftopt, either the 
primary or fecondary iris. In purfuance hereof, we obferv’d in a dar- 
‘ken’d room four reflections and three refraétions, that were afforded us 
by the fame prifm. And notwithftanding the rules of catoptrics and diop- 
trics, we thought it would not be amifs to find, by covering fometimes one 
part of the prifm, and fometimes another, and obferving where the light 
or colour vanifhed thereon, by which refleétion and by which refraction 
each of the feveral places where the light falling, or paffing through the 
prifm, and appearing either pure or ting’d, gave the phenomena. But be- 
caufe thefe and other particulars which we obferv'd, would be tedious, 
and not fo intelligible to deliver in words, I refer to the fcheme, where 
allof them may be taken in at one view. 


PPP an equilatero-triangular cryftalline prifm, one of whofe edges P 
is placed next the fun. | 

AB and «sg, two rays from the fun falling on the prifm, at Bg; 
and thence partly refleéted towards C and y, and partly refratted 
towards D and &. 

B Cand, 4, thofe reflected rays. 

BDandgu, thofe refrafted rays, which are again partly refracted 
towards E and «, and there reprefent an iris 12345, denoting the five 
fucceeding colours, red, yellow, green, blue, and purple, and part- 
ly reflected towards F and ¢. 

D and F, and #Z, thofe refleéted rays, which are partly refracted to- 
wards G and» colourlefs, and partly refletted towards H and 9. 


F Hand ¢ 4, thofe reflected rays, which are refraéted towards Iand 


and there reprefent another fainter iris ; the colours of which are con~ 
trary to the former 54321, fignifying purple, blue, green, yellow, 
red ; fo that the prifm in this pofture reprefents four rain-bows. 


5. Werbferv’d in a room not darken’d, that the prifmatic iris might be 


‘reflected, without lofing any of its feveral colours, not only from a plain 
looking 
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Colours. | 
fooking-glafs, and from the fmooth furface of fair water, but alfo 


1 


‘7 mice 


conga gens: and that refraétion did as little deftroy thofe co- 


lours, as refle | 
which we refracted the fun’s rays, 


ion. For by the hel 


p of a large double-convex glafs, thro’ 
we found that tho’ one part of the iris 


might be made to appear either beyond or on this fide of the other parts 
thereof ; yet the fame vivid colours would appear in the diforder’d part 
as in the other. And by covering that fide of the prifm obverted to the 


fun, with an opake body, 


wherein only one fmall hole was left for the 


light to pads thro’, having reduced the prifmatic iris, caft upon white pa- 


er, Into a very narrow compafs, and view’d it 
per, 


thro’ a microfcope, the 


colours appear'd the fame, asto kind, they did to the naked eye *. 
6. It may afford matter of fpeculation, that as the colours of out- 


ward objects brought into a darken’d room, 


fo greatly depend, in their 


vifibility, upon the dimnefs of the light they are there beheld by, that the 


ordinary light of the day being freely let in upon them, they immediately 
difappear ; fo our experiments have fhewn, 
painted on the floor by the beams of the 
‘pals, tho’ the colours of it appear very vivid, even at noon-day and in 


that as to the prifmatic iris, 


un-fhiny weather, yet by a more powerful light they may be made to dif- 
appear. For having fometimes taken a large metalline concave fpeculum, 


* The more general phenomena of the 
prifm, as obferv'd by the illuftrious Sir I/ 
Newton, are, in fhort, as follow. 

1. The rays of light pafling thro’ the 
prifm, paint an image am various colours 
on the oppofite wall ; the principal where- 
of are red, yellow, green, blue, and violet. 

2. This image is not round, but the 
angle of the prifm: being of 60 or 65 de- 
grees, about five times longer than ’tis 


till Sir If Newton found it owing to the 
different refrangibility of the rays. See 
Philof. Tranfat. N° So. 
3. The rays which exhibit the yellow 
colour, are turn’d more out of their ftrait 
courfe, than thofe which make the red ; 
thofe which make the green, more than 
thofe which make the yellow, &c. and 
thofe which make the violet, moft of all. 
4. Ifthe prifm thro’ which the rays are 
tranfmitted, be turn’d about its axis, fo 
that the red rays, the yellow, the green, 
“* aay oat) thro’ a fmall hole, in order, 
YOL, il, 


and therewith caft the converging beams of the fun upon a prifmatic iris, 
which I had caufed to be projeéted upon the floor; I f 

powerful light made the colours of the iris vanifh : and 
fo reflected as to crofs but the middle of the iris, 


ound that the over- 
if the light were 
the colours in that part 
only 


upon another prifm, placed about twelve 
feet from the former, and be thrown to 
another part of the room, the yellow 
rays, for inftance, tho’ they fall in the 


fame manner upon the feeond prifm with : 


the red, yet will not be thrown to the 
fame place, but beyond them. And if at 
the place of the fecond prifm, they be 
colleéted by a lens, the yellow rays, the 
green, &c. will each in their order, be 
thrown to a focus ata fhorter diftance 
than the red. | 

§- The colours of the coloured rays, 
when well feparated, can neither be de- 
ftroy’d, nor in any manner changed by 
new refra@ions. pe 

6. The colours of the coloured rays re- 
main unchanged in pafling thro’ an en- 
lighten’d fpace, in mutually crofling each 
other, in the confine of fhadow, and in 
being refle&ed from any natural bodies in 
a place otherwife dark. 

7. All the coloured rays colleéed to- 
gether by feveral pene, by a gla& mie. 
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froma P 


{un paffing thro’ a triangular 
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Puysrcs. only became invifible; thofe parts of the iris that were on the right hand 
A/V and on the left of the reflected light, continuing to exhibit the fame co- 


Objefs view'd 
mn differe 


nt 
Rinds of light. 


lours as before. 

_ 7. Thave fometimes thought it worth while to take notice, whether the 
colours of opake bodies might not appear to the eye fomewhat diverfify’d; 
as well by the nature of the lucid body that fhines upon them, as by the 
difpofition of the fuperficial parts of the bodies themfelves, and the pofi- 
tion of the eye with regard to the obje& and the light: I have obferv’d a 
maniteft difference in fome kinds of colour’d bodies view’d by day-light, 
and afterwards by the light of the moon. Several fheets of the colour’d 
paper that had been view’d in the fun-fhine, being look’d upon at night 
by the light of a pretty large candle, the changes obferv’d therein were 
thefe. ‘The yellow feem’d much fainter than in the day, and inclinable to - 
a pale ftraw-colour. The red feem’d little chang’d, but refleéted light 
more ftrongly than the other colours. A fair deep green look’d upon b 
itfelf, feem’d to be a dark blue; but view’d together with a dark blue, 
appear'd greenifh; and compared with a yellow, appear’d more blue than 
at firft. ‘The blue look’d more like a deep purple or murrey, than it had 
done in the day-light. The purple feem’d very little alter’d. "The red 
compared with the yellow, made the latter look almoft like brown cap- 

aper. 

d 3. But to fatisfy ourfelves whether the light of the candle were not 
unfincere, or ting’d with a yellow colour by its fuel ; we took a pretty 
thick cylinder of deep blue glafs, and viewing the flame of the can- 
dle at a convenient diftance thro’ it, we perceiv’d it to look green, 
which is the colour that emerges from the compofition of opake bodies, 
one of them feparately blue, and the other yellow. And this perhaps may 


er a concave fpeculum, or by any other 
way whatever, make white: and being 
again feparated after this union, every 
one exhibits its own colour. 

8. If the fun’s rays fall upon the inter- 
nal furface of the prifm in the moft ob- 
lique manner that any rayscan poflibly be 
tranfmitted, thofe reflected will be violet, 


- and thofe tranfmitted, red. 


9. All natural bodies, efpecially white 
ones, view'd thro’ a prifm, appear on. the 
one hand fringed with red and yellow ; 
but with violet and blue on the other. 

10, Two prifms being placed together, 
fo that the red. of the’one and purple of 
the other may unite upon a convenient 
paper in the dark, the image will appear 
pale ; and being view’d thro’a third prifm, 
applied at a due: diftance.from the eye, it 
will appear as two obje&s, red and purple. 

11. In hike manner, if two powders, a. 


perfect red and a perfe& blue, be mix‘d 


together, and laid thick upon fome minute 
body, this body will appear double thro’ a 
prifm, and of two colours, red and blue. 
See Clark. Annot. in Rebault. Kid. 3. ps 199% 
We are farther to confider, that by o- 
ther means, light is'found to be a body 
propagated in right lines; and that it 
{pends about feven or eight: minutes. in 
pafling from the funto the earth. “; This 
‘< was firft. obferved by Mr. Roemer, by 
** means of the eclipfes of the fatellires 
“< of Jupiter. For thefe eclipfes, when 
‘¢ the earth is between the fun and Fupi- 
‘* ter, happen about feven or eight mi- 
‘* nutes fooner than they ought to do by’ 
“© the tables ; and when the earth ‘is be-’ 
‘© yond the fun, cee happen about feven 
“or eight minutes later than they ought 
*¢ to do: the light of the fatellites having 
‘* farther togo in the latter cafe than in 
‘© the former, by the diameter of the 
§ earth’s orbit,” Newton Optic. p. ey 
ta Be 


upon COLOURS. 
be the chief reafon why'a theet of very white paper, view’d by candie-light 
is not eafily, at firft, diftinguifhed from a light yellow, or lemmon-colour « 
white bodies, as we formerly obferved, being more of a f{pecular nature, 
becaufe tho’, when unpolifhed, they exhibit not’ the fhape of the luminary 
that fhines on them ; yet they refleét its light more fincere and undifturbed, 
by either fhades or refra¢tions, than bodies of other colours do. 

9. We took a piece of leaf-gold, and with the edge of a knife, 
lightly moiften’d, laid upon the edge of the gold, we fo faften’d it there- 
to, that it continued extended, like a little flag; which, being held 
very near the eye, and obverted to the light, appear’d fo full of pores, 
that it feem’d to have fuch a kind of tranfparency, asthat of a fieve ; 
but the light which pafled thro’ thefe pores was in its paflage fo tem- 
per d with fhade, and modify’d, that the eye difcerned no more a 
golden colour, but a greenifh blue. And, for further fatisfaGtion, we, 
in the night, look’d upon a candle, thro’ fuch a leaf of gold; and, by 
trying the effect ‘of feveral proportions of diftance betwixt the leaf, the 
eye, and the light, we quickly hit upon fuch a pofition. for the gold, 
wherein the fame, view’d thro’ the leaf, appeared of a greenifh blue, as 


in the day-time. But the like experiment, try’d with a leaf of filver, did 
not fucceed. 


10, Druggifts have a wood they. call Lignum Nephriticum ; becaufe reeset 
fy s . e ° yee] (4 in, u 
the inhabitants of the country where it grows, ufe the infufion of it, yf Liem Ne. 


made in fair water, againft the ftone in the kidneys: and, indeed, an Phriticum. 


eminent phyfician of my acquaintance, who has very particularly en- 
quired into that difeafe, affures me, he found fuch an infufion one of 
the moft efiectual remedies he ever try’d, againft that formidable difeafe. 
The moft ancient account I have met with of this fimple, is given us 
by Monardes, who fays, “ We have a thick, fmooth kind of wood, 
“ brought us from New Spain, which has long been ufed in the dif- 
* eafes of the kidneys and urinary paflages. ‘To prepare a medicine 
“from it, we’ fteep its fhavings in clear water, and there fuffér them 
“ to remain, till the whole liquor is drank up; but when it has thus 
* ftood for half ah hour, the water appears of a blue colour, which 
“ gradually increafes, the longer the infufion is continu’d; tho’ the wood 
 itfelf be white.” This wood will afford us an experiment, which, be- 
fides the fingularity of it, may greatly affift to difcover the nature of co- 
jours. The experimént, as we made it, is this. Take a handful of the 
thin flices of Liguum Nephriticum, and put them into two, three, or four 
‘pound of the pureft fpring-water ; let them infufe there for a night, tho’ 
amuch fhorter time may fuffice; decant the impregnated water into .a 
clear glafs vial; and if you then hold it direétly between the light, and 
your eye, you will fee it tinged, (excepting the very top of the liquor, 
where a sky-coloured circle fometimes appears) of an almoft golden colour; 
if the infufion be not made too ftrong of the wood; for, in that cafe, it 
will, againft the light, appear fomewhat dark and reddifh, and requires 
to be diluted by the addition of ea But if you hold it ak, ‘aj 

p) ight, 
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Puysics. light, fo that your eye be placed betwixt that and the vial, the liquor 


IVS 


will appear of a deep lovely blue colour; as will alfo the drops, if any 
lie on the outfide of the glafs. 

And thus far we have try’d the experiment, and found it to fucceed, 
even by candle-light. But if you hold the vial over-againft your eye, fo 
that ic may have a window on one fide, and a dark part of the room| 
before it, and on the other fide; you will find the liquor, partly of a 
bluifh, and partly of a golden colour. And if, turning your back towards 
the window, you pour out fome of the liquor towards the light, and to- 


wards your eye; it will feem, upon coming out of the glafs, to be 


perfectly blue; but when it is fallen down a little way, the drops may 
appear party-colour’d, according as the rays of light more or lefs fully 
penetrate, and illumine them. If you take a bafon, about half full of 
water, and having placed it fo in the fun-beams, that one part of the 
water may be illumined thereby, and the other part of it darken’d by 
the fhadow of the brims of the bafon; and then drop of our tinéture, 
made fomewhat ftrong, both into the fhaded and illuminated parts of the 
water, you may, by viewing it from feveral places, and by a little agi~ 
tation of the water, obferve many pleafing phenomena. If a little of 
this tincture be poured upon a fheet of white paper, fo that the liquor 
may remain of fome depth upon it, you will perceive the adjacent drops 
to be partly of one colour, and partly of another, according to the pofi- 
tion of your eye, with.regard to the light : but if you pour off all the 
liquor, the paper will feem dy’d almoft of a yellow colour. And if a fheet 
of paper, with fome of this liquor on it, be placed in a window, where 
the fun-beams may come freely to it; then, if you turn your back to the 
fun, and take a pen, or fome fuch flender body, and hold it.a-thwart,. 
betwixt the fun and the liquor, you may perceive, that the fhadow pro- 
jected by the pen, upon the liquor, will not, all of it, be a common dark — 


fhadow, but, in part, curioufly coloured ; that edge of it next the body, 


which makes it, being almoft of a lively golden colour; and the remoter 
verge of a blue one. Thefe, and other phenomena, which I have ob- 
ferved in this delightful experiment, many of my friends have beheld with 
wonder. And I remember an excellent oculift, finding, by accident, a 
vial full of this liquor, and having never heard of the experiment, con~ 
tinued apprehenfive, upon viewing it for a long time, that fome ftrange 
new diftemper had invaded his eyes. And, I confefs, the oddnefs of the phe- 
nomena made me very follicitous to find out the caufe. thereof. But tho’ 
{am far from pretending to have difcovered. it; yet my inquiries. have 
enabled me to give fome confiderable hints about it.. In the firft place, 
then, obferving that this tinture, if it were too deep, kept. the: colours. 
from being fo lively, and their change from being fo difcernible ; and 
finding alfo, that the impregnating virtue of this.wood.did, by being fre- 
quently infufed in freth water, gradually decay, I conjectured, that the 
tinéture afforded by the wood, muft proceed from fome fubtile. parts, 
drawn out by the water; which, {wimming about therein, fo. modify’ 
| . e 
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the light, as to exhibit particular colours. And becaufe thefe fubtile Puysics: 
parts were fo eafily foluble, even in cold water, I concluded, that the | 
muft abound with falts, and perhaps contain much of the eflential falt of 
the wood. And, to try whether thefe fubtile parts were volatile enough 
to be diftilled, without diflolving their texture, I carefully fubmitted fome 
of the tinged liquor, in very low veflels, to the gentle heat of a lamp- 
furnace; but found all that came over, to be as limpid and colourlefs as i 
rock-water : whilft the liquor remaining behind, was of fuch a deep 
blue, that it muft be oppofed toa very ftrong light, to appear of any 
other colour. I took, likewife, a vial, fill’d with fpirit of wine, and a 
little falt of hart’s-horn, and found, that there was a certain proportion 
to be met with, betwixt that liquor, and the falt, which render’d the 
mixture fit to exhibit fome little variety of colours, not obfervable in or- 
dinary liquors, as it was varioully fituated, with regard to the light and 
the cye: but this change of colour came very far fhort of that we had 
admired in our tincture. However, I fufpected that the tinging particles 
abounded with falts, whofe texture, and the colour thence arifing, 
would probably be altered by piercing acids; and pouring into a finall 
vial of the impregnated water a very little fpirit of vinegar, I found, that 
the blue colour immediately vanifhed, while the golden one remained : 
and which way foever I turn’d the vial, either to, or from the light, I 
found the liquor conftantly appear’d of a yellowifh colour, and no other. 

Upon this, I imagin’d, that the acid falts of the vinegar, having been 

able to deprive the liquor of its blue colour, a fulphureous falt, which is 

-of a contrary nature, would mortify the faline parts of the vinegar, and 

‘ deftroy their effects. And, accordingly, having placed myfelf betwixt the 

window and the vial, and let fall into the fame liquor a few drops of oil. 

of tartar, per deliquium ; I found, that immediately upon the diffufien of 

this liquor, the impregnated water was reftored to its former blue colour. 

And this oil of tartar, being very ponderous, and falling direétly to the 

bottom of the vial; it was eafy to obferve, that for a little while the lower 

part of the liquor appeared of a deep blue, whilft all the upper part re- 

tained its former yellownefs ; which it immediately loft, as foonas the oil 

of tartar was diffufed thro’ the whole: and the liquor thus reftored, being | 

view'd, either againft, or from the light, exhibited the fame phenomena : 

with the tinged water, before the adventitious fluids were poured into it. 
Kircher ipeaks of this nephritic wood, in the following manner : 

“ Tis a white Mexicaz wood, and tho’, generally, fuppofed to com- 

*“ municate only a blue colour to water; yet we have found, by re- 

“ peated experiments, that *twill turn it into all kinds of colours. The 

“ tree itfelf, ’tis faid, commonly grows to a large fize, with a thick even 

“trunk, like a pear-tree, leaves refembling thofe of rue, and {mall ob-. 

~ long yellow flowers, growing in clufters. ‘The plant. is cold and moift,. 

« , fe le ; 

q @dnearly of a middle temper. ‘The wood. of this tree, sage 1000, g 

ac CUP> turns the water put into it, firft of a perfect blue colour, like the 

- buglofs-flower; and the longer it ftands herein, the deeper the colour 
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‘ grows. But if thiscolour’d water be put into aglafs globe, and ex= 
pofed tothe light, there will not appear the léaft fign of bluenefs there= 
in; but the liquor will be clear and limpid, like pure water. - Yet if 


this globe of glafs be turn’d to a more fhady place, the whole liquor 


“ will appear of a pleafant green; and if to a place ftill more fhaded, 


“of a reddifh colour. And thus ’twill change its hue, according to the 


“objects whereto *tis expofed. But, after being placed in the dark, 
** *twill regain its own blue caft.” In this account, I obferve the fol- 
lowing particulars: Firft, the author calls it a white Mexican wood ; 
tho’, not to mention that Mouardes fays, ’tis brought from New Spaia, 
the wood that we have met with, and employ’d as Lignum Nephriticum, 
was not white, but, for the mof part, of a dark colour, not unlike that 
of the fadder-colour’d wood of juniper. ’Tis true, Monardes fays, that 
the wood is white; and it is alfo affirmed, that what is of a fadder co- 
lour, is adulterated, by being imbued with the tin@ure of a vegetable. 
But having enquired of the moft eminent of our Exglifb drugegifts, he 


peremptorily deny’d it. And, indeed, having confidered fome of the fair- — 


eft round pieces of this wood, that I could procure, I took notice, in one 
or two of them, that *twas the external part only that appeared white, 
whilft the more internal part was of the other colour; the contrary 
whereto would, probably, have appeared, if the wood had been adul- 
terated after the manner juft mentioned. And I have, at prefent, by me, 
a piece of fuch wood, which, for about an inch next the bark, is white, 
and then fuddenly pafles to the above-faid colour: and yet this wood, 
by the tincture it affords in water, feems to have its colour’d part ge- 
nuine ; for the white part appears, upon trial, to be much lef$ endow’d 
with the tinging property. | 

Next, our author tells us, that the infufion of this wood expos’d ina 
{pherical vial to the light, looks like {pring-water ; and adds, that there 
is no tincture to be feenin it: but herein our obfervation and his do not 
agree ; for the liquor, which oppos’d to the darker part of a room ex- 
hibits a sky-colour, did conftantly with us, when held againft the light, 
appear yellowifh or reddifh, according as its tin@ture was more or lefs 
deep. So that if there be no miftake in the cafe, his white nephritic 


wood, and the fadder-colour’d one, which we employ’d, were not of the. 


fame nature. What he mentions of the cup made of this wood, we have 
not try’d ; but as for what he fays, that this wood tinges the water with 
all forts of colours, that is much more than any of thofe pieces we have 
hitherto employ’d was able to do: the change of colours difcernible in a 
vial full of water impregnated by any of them, and directed towards a 
place more light or obf{cure, being far from affording any fuch variety. 
And as for what he tells us, that in the dark this infufion will refume a 
blue colour, I with he had inform’d us how hetry’d it. But having fome- 
times brought a round long-neck’d vial fill’d with the tin€ture of this wood 
into the darken’d room already often mention’d, and holding it fometimes 
near the fun-beams that enter’d at the hole, and fometimes partly in wee 
, : an 
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and partly out of them ; varying alfo the pofition of the glafs, and view- Puysics. 
ing it from feveral parts of the room, it difclos’d a much greater variety LAYS 
of colours, than it does in an ordinary enlighten’d room: for befides the (a). 
ufual ones, it exhibited a red in fome parts, and a green in others; with 
intermediate colours produced by the different degrees and odd mixtures 
of light and fhade. . | 

‘Tis furprizing in, this experiment, that the blue tin@ure may be 
deftroy'd or reftor’d, whilft the yellowifh or reddifh one continues as 
it was. That falts are of a confiderable ufe in ftriking colours, the 
‘many experiments which the dyers trade affords us, will fhew: and as 
far as we have hitherto try’d, thofe liquors, in general, which great- 
ly abound in acid falts, have the power of deftroying the blue colour 
in this infufion ; as thofe that abound in fulphureous ones, have the virtue- 
to reftore it. And by the way, this obfervation hints to us a new and 
eafy method of difcovering in many liquors whether it be an acid ora ful- 
phureous falt that is predominant. ‘That fuch a difcovery is often very 
difficult, and may frequently be of great ufe, he who is no. ftranger to 
the various properties and effects of falts, and knows of how great moment 
it is to beable to diftinguith their tribes, will readily conceive. | 

Now fuppofe I would try whether alum, tho’ it be plainly a mix’d body, 7 nd whether 
abounds rather with an acid than a fulphureous falt, I turn my back to fulphureous falt 
the light, and holding a {mall vial full of the tin€ture of Liguum Nepbriti- nage he 
cum in my hand, which view’d in that pofition appears blue ; then drop-" ~ 
ping into it a little of a ftrong folution of alum made in fair water, and 
finding upon the affufion and fhaking of the whole, that the bluenefs for- 
“merly confpicuous in our tin€ture prefently vanifhes, Iam thereby in- 
duced to fuppofe, that the falt predominant in alum is acid. But if, 
on the other hand, I would examine, whether falt of urine, or of hart’s- 
horn, is rather of a falino-fulphureous, than of an acid nature ; I drop 
a little of the faline fpirit of either, into the nephritic tinéture; and 
finding that the blue colour is thereby rather deepened than deftroyed, 1 
collect, that the falts which conftitute thefe fpirits, are rather fulphu- ~ 
reous than acid. And, to fatisfy myfelf yet farther in this particular, I 
take a {mall vial of frefh tin€ture, and placing both it and myfelf, with 
regard to the light, as before; I drop into the infufion juft as much di-) 
filled vinegar, or other acid liquor, as will ferve to deprive it of its 
bluenefs ; then, without changing my pofture, I drop, and fhake into the 
fame vial, a {mall proportion of {pirit of hart’s-horn, or urine: and 
finding, upon this, the tin€ture immediately to-recover its blue colour, Tam 
thereby confirmed in my opinion of the fniphureous nature of thefe falts.. 

It is much doubted to what fort of falt that which is predominant in 
quick-lime belongs ; but we have been perfuaded. to refer it rather to the 
lixiviate, than acid kind, by obferving, that tho” an evaporated infufion 
of it will {carce yield fuch a falras afhes, and other alkaline bodies do ; 
yet if we deprive our nephyitic tin@ure of its bluenefs, by juft fo much 
diftilled vinegar as 18 Yequifite to make that colour vanifh; the Be 
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dours. And this experiment, the made without a furnace, is the more: 
confiderable ; becaude a skilful painter, who allow’d *twas with filver he 
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of quick-lime will, immediately, upon its aftufion, recall the banifhed 
colour, tho’ not fo powerfully as either of the fulphureous liquors, 
formerly mentioned. And I guefs at the ftrength of the liquors, thus 
examined, by the quantity of them; which is fufficient to deftroy, or 
reftore the blue colour of our tinéture. But whether as to liquors, 
wherein neither acid nor alkaline falts are eminently predominant, our 
tincture will enable us to conjecture any thing more, than that fuch falts 
do not abound in them, I leave to further trial; for I find not, that fpi- 
rit of wine, {pirit of tartar, freed from acidity, or chymical oil of turpen- 
tine, have any remarkable power to deprive our tinéture of its blue colour, 
or to reftore it, when, upon the affufion of vinegar, it has difappeared. 

11. We may alfo fee in a mineral body, fomething very near of kin to 
the changeable quality of the tin@ture of Liguum Nephriticum; for I 
have feveral flat pieces of glafs of the thicknefs of ordinary panes for win= 
dows, one of which being interpofed betwixt the eye, and a clear light, 
appears of a golden colour, not much unlike that of the moderate 
tincture of our wood: but being viewed, when the beams of light pafs 
not fo much thro’ it, asthey are reflected from it to the eye, the yellow 
feems to degenerate into a pale blue, fomewhat like that of a turquoife. 
And, what 1s ftrange, if in a certain pofition, you hold one of thefe 
plates perpendicular to the horizon, fo that the fun may fhine upon one half 
of it, whilft the other half is fhaded, you may fee the part illumin’d, of 


a much fainter yellow than the fhaded part, which will appear more - 


richly coloured. And if the glafs be not held perpendicular, but parallel 
to the horizon, you may fee the fhaded part of a golden colour, whilft 
the other appears confiderably blue: and as you remove any part of the 
glafs, thus held horizontally, into the fun-beams, or the fhade, it will, in 
the twinkling of an eye, feem to pafs from one of thofe colours to the 
other ; and the rays paffing thro’ it, and received by a fheet of white 
paper held near, colour it with a yellow, fomewhat bordering upon a 
xed: yet the glafs may be fo oppofed to the fun, as to throw a mixed 
colour upon paper, in fome parts more inclined to yellow, and in others 
toa blue. | 

In making thefe experiments with glafs, you muft take notice, that as 
one of the fides has its fuperficial parts difpofed to refleét the blue co- 
lour, that fide muft be held next to the eye. I have myfelf made 
glafles proper to exhibit an experiment, not unlike the laft mentioned, 
by laying fome filver, very finely foliated, upon glafs, and giving it, by 
degrees, a much ftronger fire than is requifite to tinge glafs of other co- 


coloured his glaffes yellow, told me, that, when to burn them, he lays on 
the: plates nothing but a calx of filver, calcined without corrofive li- 
quors, and temper’d with fair water, the plates are tinged of a fine 
yellow, that looks of a golden colour, which part foever be turn’d to, or 


from the light; whilf&t we have found, more than once, that fome pieces 
@) 
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of glafs, prenaved after our manner, tho’, when held againf the light, .Prysrcs. 
they appeared of a tran{parent yellow ; yet viewed with one’s back turn’d LANY 
to the light, exhibited an opake blue. 7 | | 

12. There are but few fimple, and primary colours; from the various Ti fimple and 
compofitions whereof, all the reft refult: for tho’ painters imitate the hues‘ 30" 
of thofe numerous different colours, to be met with in the works of ‘Na- 
ture, and of art; yet I have not found, that to exhibit this ftrange -ya- 
riety, they need employ any more than white, black, red, blue, and: yel- 
low; thefe five, varioufly compounded, and re-compounded, being fuffi- 
cient to exhibit fuch a variety, as thofe, who are altogether ftrangers to 
the painter’s pallet, can hardly imagine. ‘Thus black and white, differently 
mixed, make a vaft number of lighter and darker greys ; blue and yellow 
make a great variety of greens; red and yellow make orange-tawny ; red, 
with a little white, makes a carnation ;. red, with an eye of blue, makes 
a purple: and, by thefe fimple compofitions again compounded, the skilful 
painter can preduce what kind of colour he pleafes ; anda great many more 
than we have names for. But, to render the rules about the production of 
colours fit to be relied on, the corpuitcles, whereof the fevera] pigments 
confift, muft be fuch as do not deftroy one another’s texture; for, in cafe 
they do, the emerging colour may be very different from what would refult 
from the mixture of other a reeing pigments of the fame colours. 

13. It may alfo help to dikvore® the nature of colours, to know, that the de lighe 
: > 4 ‘ a with the 
light of the fun, paffing thro diaphanous bodies of different hues, may be colours of tranf- 
tinged of the fame compound colour, as if it proceeded from painters co- Pees 
lours of the fame denomination ; tho’ the latter be exhibited by reflection, tim” 
and manifeftly compounded of material pigments. Wherefore, to try the 
compofition Bh iadieies: we provided feveral plates of tinged glafs, which be- 
ing laid, two at a time, upon one another; the objeét, view’d thro’ them 
both, appeared of a compound colour: which agrees with what we deliver’d 
of looking againft the light thro’ paper of different colours. But we 
thought the experiment would be more fatisfactory, if we procured the 
fun-beams to be fo tinged in their paflage thro’ plates of glafs, as to exhibit 
the compound colour upon white paper. And tho’, by reafon of the thick— 
nels of the glaffes, the effeét was but faint, even when the fun fhone 
{trong ; yet we eafily remedy’d that, by collecting his rays, with a convex 
glafs ; which increafed the light, at the point where they met, fufficiently 
tomake the compound colour very manifeft upon the paper. By this means 
we obferved, that the rays pafling thro’ blue and yellow, compofed a 
‘green; that an intenfe and moderate red, did, with yellow, make different 
degrees of faffron, and orange-tawny; that green and blue made a colour 
partaking of both, like what fome Latiz writers call Pavouaceus ; and that 
xed and blue made a purple. ‘To which we might add other colours that 
we produced by the combinations of glafles differently tinged, did I not 
‘want proper words to exprefs them in our language... And having expofed 

ix or five forts of coloured glafs, and other tran{parent bodies to the fun, 
and caft the reflected light upon white paper, held near them ; the light 
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-Puysics. appeared. not manifeftly tinged, but as if it had been reflected from tlie: 
LA Y™/ impervious parts of a colourlefs glafs ; only that reflected from the yellow, 
was here and there ftained with the fame colour; asif thofe rays were not 
all refle€ted from the fuperficial, but fome from the internal parts of the 
glafs. Anda skilful tradefman, who makes fuch coloured glafs, told me,. 
that whereas the red pigment was but fuperficial, the yellow penetrated to. 
the very midft of the plate. But, for farther fatisfaCtion, we foliated a 
plate of Mufcovy glafs, and laying on it a little tranfparent varnifh of a gold- 
colour, we expofed it to the fun-beams, fo as to caft them upon a proper 
body ; on which the reflected light appearing yellow, manifefted,. that, be- 
ing reflected from the fpecular part of the felenites, it was tinged,. in its 

return, with the colour of the tranfparent varnifh, thro” which it pafled. 
Apparent colours 1.4, We now proceed to. fome experiments made in favour of thofe co-. 
compound a5 ‘Pt ours, that are taught in the fchools, not to be real, but only apparent, and. 

genuine, UTS, t $2) ’ 3 y #pp 3 

fantaftical. And, upon trial, we found, that thefe colours. might be com- 
pounded both with true and ftable colours; and, with one another, as-well 
as thofe which are unqueftionably genuine and lafting ; and that the co- 
lours refulting from fuch compofitions, would refpectively deferve the fame: - 
denominations. For, firft, having, by means of a glafs prifm, thrown an. — 
iris on the floor; I found, that; by placing a blue glafs: at a convenient 
diftance, betwixt the prifm and the iris, that part of the iris, which before 
was yellow, might. be made to appear gfeen ; tho’ not of a grafs-green,. 
but more diluted and yellowifh. And it feems not improbable, that the 
narrow. greenifh lift, ufually feen between: the yellow and blue parts of 
the iris, is made by the confufion of thefe two bordering colours. And tho’ 
the want of a fufficient livelinefs in either of the compounding: colours, 
-or a {mall error in the manner of making the following trials, was enough 
to render fome. of them unfuccefsful ; yet when all neceflary circum- 
ftances were duly confidered, the event was anfwerable to our expecta- 
tion. Asa red and blue compound a purple, fo I could:produce the latter 
of the three colours, by cafting, at fome diftance fromthe. glafs, the blue 
part of the prifmatic iris,, upon a lively red: And’ fometimes, when Itry’d 
this upon a piece of red cloth, that part ofthe iris, which would have been 
blue, and, if compounded with the red of the cloth, appeared of a fair purple; 
did, when I-came to view it near, look very oddly, as if there were fome 
ftrange reflection, or refraction, or both, made: in the hairs of which that 
cloth was compofed:. Cafting, likewife, the prifmatic iris upon a very vivid 
blue, 1 found that part of it, which would otherwife have been the yel- 
_ low, appear green. But it may feem more ftrange, that tho: thisiris, be- 
ing made by the refraCtion of light thro” a body. that has-no colour, muft, 
according to the doétrine of the fehools, confift of the pureft: emphatical 
colours; yet even thefe may be compounded of one another, as. well as 
yeal.colours. in the grofleft pigments. For Ltook, at-once, two triangular 
glafles, and one of them being kept fixed im thefame’pofture, that the iris 
it projected on the floor might noe waver, I'caft on the fame fleer another 
isis with the other prifm, and moving. it.to and fro, to bring what part 6 
. the 
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the fecond iris I pleas’d, to fall. upon what part of the firft I thought fit; Pxysics: 
we fometimes, by this means, obtain’d a green colour in that part of the UAW, 
more ftable iris that before was yellow or blue; and, frequently, by cafting oe 
thofe rays, that in one iris made the blue, upon the red parts of the other, 

we produced a lovely purple ; which might be deftroyed, or re-compofed at 

pleafure, by feparating and re-joining the edges of the two. 

15. Confidering the prifm as the moft ufeful inftrument hitherto em-~ Experiments 
ploy d about colours, and that thofe generally ufed, are made of 7 aa gle ade 
tran{parent and colourlefs; I thought proper to try what change the fuper- ane 
mduction of a colour, without deftroying the traniparency, would produce 
in the phenomena exhibited by it. But, being unable to procure one of 
coloured glafs, and fearing allo, that if it were not carefully made, the 
thickneis of it would render it too opake; I endeavoured to. fupply its 
place by one of clarify’d rofin, or of turpentine brought to the confiftence 
of a tranfparentgum. Our attempts this way were not wholly loft indeed, 
yet we found it fo difficult to give thefe materials their true thape, that 
we chole rather to varnifh over an ordinary prifm with fome tranfparent 
pigment ; and this we did, firit with a yellow, and then with a red, or 
crimfon one, made of Jac, temper’d with a convenient oil: the event was, 
that, for want of good tranfparent colours, of which there are but very 
few, both the yellow and the red rendered the glafs fo opake, tho’ pru- 
dently laid on, that,’ unlefs I look’d upon fome very vivid object, I could 
{carce difcern any colours at all, efpecially when the glafs was co~ 
vered with red. And, upon viewing fuch objeéts, I found, that the co- 
lours of the pigment had vitiated, or drown’d, fome of thofe which the 
prifm would otherwife have exhibited; and, mixing with others, altered 
them. ‘hus, when covered with yellow, it made.thofe parts of bright ob= 
jects, where the blue fhould have been confpicuous, appear of a light. 
green. But the nature of the colours, the degree of tranfparency, and dark- 
nefs in the pigment, with many other circumftances, fo vary’d the pheno- 
mena of thefe trials, that, till I-can procure fmall coloured prifms, or hol~ 
low ones, that may be filled with tinged liquors, or obtain fome better pig- 
ments, than thofe I was reduced to employ; I fhall forbear to build any 
thing upon what I have done in this way: only defire the inquiry may be 
further profecuted. | 

16. There are fome liquors which, tho’ colourlefs themfelves, yet, when Limpia liquors 
they come to be elevated, and difperfed into exhalations, exhibit a confpi- ee 
cuous colour; which they lofe again, when re-united into a liquor. “Thus, 
good fpirit of nitre, or ftrong Aqua fortis, tho’ they have no appearance 
of rednefs, whilft in the form of a liquor; if a little heat chance to turn 
the minute parts of them into vapours, the fteam will appear of a reddifh, 
or deep yellow colour ; which vanifhes, when thofe exhalations refume the 
form-of a liquor. And if you look upona glafs, half fullof Agua fortis, or 
{pirit of nitre, and the other half full of fteams, proceeding from either ; 
you will fee the upper part of thé glafs, of the colour juft mentioned, if 
turn’d to the light. But, what is meee more confiderable, I have ayo 
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Paysics. that putting Aqua fortis in a long clear glafs, and adding thereto a little 


copper, or bike {uch open metal, to excite heat and fumes ; the light paffing 
thro’ thofe fumes being caft upon a fheet of white paper, appear thereon of 
the colour of the fumes, when direCty view’d; as if the light were as well 
tinged in its paflage thro’ thefe fumes, as it would have been by paffing 
thro’ fome gla{s, or liquor, in which the fame colour was inherent. Having, 


alfo, fometimes obferved, whether the beams of the fun, near the horizon, 


paffing thro’ a very red sky, would not exhibit the like colour; I found, 
that the rays falling in a room, upon a very white object, placed ‘directly 
oppofite to the fun, difclofed a manifeft rednefs, as if they had pafs’d thro’ 
a coloured medium: 

17. The refulting of colours, upon the coalition of the particles of fuch 
bodies, as were neither of them coloured like that mixture whereof they 
are the ingredients, is very well worth our niceft obfervation ; being of great 
fervice, both in {peculation and praétice. For the mechanical ufe of colours, 
among painters and dyers, very much depends upon knowing which of thent 
are producible by mixing pigments of different hues. And ’tis of advan- 
tage to the naturalift to know how many, and which colours are primitive 
and fimple ; becaufe it both eafes his labour, by confining his inquiry to 
a {mall number of thofe upon which the reft depend ; and affifts him to 
judge of the nature of particular compound colours, by fhewing, from the 
mixture of what more fimple ones, and in what proportions to one another, 
the particular colour to be confidered, refults. But becaufe to infift on the 
proportions, the manner, and the effeéts of fuch mixtures, would oblige 
me to confider a great part of the painter’s art, and dyer’s trade; I thall 
confine myfelf to mention feveral ways of producing green, by the com- 
polition of blue and yellow. 7 | 


Several ways of Firft, then, as painters make a green, by tempering blue and yellow, re 


producing a 


green, with 
and yellow. 


blue duced to a foft confiftence, with water, oil, or fome liquor of kin to thefe ; 


I found, that by chufing fit ingredients, and mixing them in the form of dry 
powders, I could do more this way, than if the ingredients were tempered. 
with a liquor. But the blue and yellow powders, befides being finely ground, 
mutt be fuch, that the corpufcles of the one may not be too unequal to thofe 
of the other ; left, by their difproportionate minutenefs, the {maller cover 
and hide the greater. We uled, with good fuccefs, a flight mixture of 


_ the fine powder of bife, with that of orpiment, or good yellow oker, tho’ 
— an exquifite mixture did not fucceed fo well; but, by lightly mixing the 


two in feveral little parcels, thofe of them in which the proportion and 
manner of mixture was more luckily hit, afforded us a good green, 
2.) I have alfo learned, at the dye-houfe, that cloth, dy’d blue with 


‘woad, is afterwards, by the yellow decoétion of Luteola,, turn’d to a 


green. 
(3.) We formerly faid, that having in a darkned room taken two bodies, 


a blue and a yellow, and caft the light reflected from the one upon the 
other; we thereby obtained a green. : | 


(4.) We 
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 (4.) We alfo formerly obferv’d a green to be produced, when if Puysics. 
the fame darken’d room we look’d at the hole where the light enter’d, LAY : 
thro’ the green and yellow parts of a fheet of marbled paper laid one. 
upon the other. 

(5.) We found too, that the beams of the fun paffing thro’ two pieces of 
glafs, the one blue, and the other yellow, laid upon one another, did _ 
upon a fheet of white paper, on which they were made to fall, exhibit a- 
lovely green: and other experiments have been before deliver’d to the - 
fame purpofe. ; | 

' (6.) We have likewife contrived a way of trying whether metalline fo- - 
lutions, tho’ one of them had its colour adventitious, might not, by the - 

mixture of the menftrua employ’d, be made to compound a green, after 
the manner of other bodies. ‘To a high yellow folution of pure gold in» 

Aqua regia, I puta due proportion of a fine deep blue folution F crude 

copper, made in fpirit of urine; and thefe two liquors, tho’ at firft they. 

feem’d to coagulate each other a little, yet being thoroughly mix’d by. 

fhaking, they prefently united into a tranfparent green liquor; and fo. 
continued for feveral days ; only letting fall a little blackifh powder to. 

the bottom. This experiment we more than once repeated with fuccefs. 

(7.) And laftly, to try whether this way of compounding colours would 
hold even in ingredients actually melted by the violence of the fire, provi=- 
ded'their texture were capable of enduring fufion; we caufed.fome blue - 
and yellow ammel to be long and well wrought together in the flame of a 
lamp, which being ftrongly and inceflantly blown, kept them in fome degree - 
of Fafich ; whence at length we obtain’d an amel of a green colour. 
[have fometimes conjectured, that the mixture of the bife’ and the A claatag , 
orpiment, lately mentioned, produced a green, by altering the fuperficial ‘oto may pofft 
afperity which each of thofe ingredients had a-part ; fo that the light 5b produced. 
falling on the mixture, was reflected with different fhades, as to quantity 

or order, or both, from thofe of either of the ingredients; and fuch. 
wherewith the light is modify’d, when it refleéts from erafs or leaves, Oc. 
that we call green. And fometimes too I have doubted whether the 
green thus produced, might not be partly derived from hence; that the - 
rays reflected from the corpufcles of the orpiment giving one kind of © 
ftroke upon the retina, whofe perception we. call yellow, and thofe re- 
flected from the corpufcles of the bife giving another ftroke upon the fame | 
retina, like objects that are blue ; the contiguity and minutenefs of thefe - 
corpufcles may make the appulfe of the refleéted light fall upon the retina - 
within fo narrow a compais, that the part they ftrike being as it were a. 
phyfical point, they might give a compounded. ftroke, and confequently | 
exhibit a new compound kind of fenfation ; as we fee that two ftrings of a 
mufical inftrument being ftruck together, give two’ founds, which arrive | 
at the ear in the fame time; and caufe.a differing fenfation from either of © 
them, and as it were one compounded of both. I thall only-here farther - 
obferve, that the firt of thefe ways of compounding a green, agrees much «. 
better with our conjectures about colours, than either with the i a 
0 
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Puysics. of the {chools, or with that of the chymifts. . For firft, in the mixture of 
/ the two powders I could, by the help of an excellent microfcope, difcover 

that what feem'd to the naked eye a green body, was but a heap of 
diftinét, tho’ very {mall grains of yellow orpiment and blue bife confuledly 
blended. together; whence it appears, that the colour’d corpufcles of 

either kind did each retain its own nature and colour: fo much may mere 
tranfpofition and juxta-pofition of minute and fingly unchanged particles of 
matter, contribute to produce a new colour. Secondly, the green thus 

made, being mechanically produced, there is no pretence to derive it from 

any unintelligible fubftantial form; nor does this green, tho’ a real and 
permanent colour, feem to be a very inherent quality, as by that doétrine 

it ought to-be; fince each part of the mixture remains unalter’d in colour, 

and confequently of a different one from the heap they compofe : for, if the 

eye be affitted by a microfcope, it no longer fees a green body, but a heap 

of blue and yellow corpufcles. And thirdly, I demand what fulphur, 


falt, or mercury have to do in the production of this green? for neither 


the bife nor the orpiment were of that colour before ; and the bare juxta- 

pofition of the corpufcles of the two powders that operate not upon each 

other, but might, if we had convenient inftruments, be feparated un- 

alter’d, cannot with any probability be imagin’d either.to increafe or di- 

| minifh any of the three hypeftatical principles. : 

‘The mixture of 18, But itis not every yellow and every blue that will by their mixture 
ieee yellow 404 ford a green.. For incafe-cither of the ingredients has a power to alter 
_mt efrd @ the texture of the.other, fo as to indifpofe it to refleét the light, as bodies 
gre that exhibit a blue or a yellow, reflect it ; the emerging colour may not 
be green, but fuch as the change of texture in the corpufcles of one or 

‘both. of the ingredients qualifies them to give. ‘Thus, for inftance, if you 

let fall afew drops of fyrup of violets upon a piece of white paper, tho’ 

the fyrup will appear blue thereon, yet by mixing with it two or three 

drops of the above-mention’d folution of gold, I obtain’d a reddifh mixture 

from the power of the acid falts in the folution. And having made a 

very ftrong and high-colour’d folution of copper-filings with fpirit of 

urine, tho’ the menftruum feem’d fully faturated with the metal; yet 


having let three or four drops of fyrup of violets fall upon white paper, I 


‘found that the deep blue folution proportionably mix’d with this other 
blue liquor, made not a blue, but, upon account of the urinous fale in 
the menftruum, a fair green. 

The colwrs of 119. ‘Lo fhew the chymiits that colours may be made to appear or vanifh 

the rain’o™, Where there happens no acceffion or change either of the {ulphureous, 

thin fubftances. the faline, or the mercurial principle of bodies, I fhall not make ufe of 
the iris afiorded by the glafs prifm, nor of the colours to be feen in a fair 
morning in thofe drops of dew, that in a convenient manner reflect and 
reivact the rays of light to the eye; but remind them of what they may 
obferve in their own laboratories. For all chymical effential oils, as alfo 
good fpirit.of wine, being fhaken till they rife in bubbles, thofe bubbles 
appear with various fine colours, which all immediately vanifh upon the 


relapfing 
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relapfing of the liquor that affords them their films, into the reft of the ofl Pyysics. 

or fpirit of wine ; fo that a colourlefs liquor may immediately be made to UAW 
exhibit a variety of colours, and lofe them in a moment, without the ac- 
ceffion or diminution of any of its hypoftatical principles. And, by the 

way, tis worthy our notice, that fome bodies, as well colourlefs as co- 

lour’d, by being brought to a great thinnefs of parts, acquire colours 
they had ot before. For not to infift on the variety of colours that’ wa- 

ter, render’d glutinous by foap, acquires, when blown into fpherical 

bubbles ; turpentine will, by being blown into after a certain manner, 

aftord bubbles adorn’d with various colours; which tho” they foon vanifh 

after the bubbles break, yet thefe would, probably, always varioufly exhi- 

bit colours upon their fuperficies, if their texture were durable enough : 

for Ihave feen a perfon skill’d at fathioning glafles, by the help of a lamp, 

blow fome fo vehemently, as to burft them ; whereupon we found. the te= 

nacity of the metal fuch, that before it broke, it fufer’d itfelfto be reduced 

into films fo extremely thin, that being kept clean, they conftantly fhew’d 

on their furfaces the varying colours of the rain-bow, which were ex- 

eeedingly vivid. ‘Taking, alfo, a feather of a convenient fhape and bignefs, 

and holding it at a due diftance betwixt my eye and the fun, whemnear 

the horizon, there appear’d to me avariety of jittle rain-bows, with dif- 

ferent and very vivid colours, none of which were conftantly to be feen 

in the feather. ‘The like phenomenon I have at other times produced, by 

interpofing, at a proper diftance, a piece of black ribband betwixt the 

fetting fun and my eye. | 

20. Drop a little good fyrup of violets upon white paper;. andon this "bof Rif 

hquor Jet fall two or three drops. of the f{pirit either of falt, vinegar, OL blue-boitles, by "i 
other eminently acid liquor ; and upon the mixture of thefe, you fhallj fre. 0 or 
find the fyrup immediately turn’d red. But if inftead of fpirit of faltyan acid from an. 

or that of vinegar, you drop upon the fyrup a little: oil of tartar per" 
deliquium, or of the folution of pot-afhes, and ftir them together with 

your finger, the blue colour of the fyrup will in a moment: be turn’d 

into a perfect green. And this fyrup may be fubftituted for the infu-. 

fion of Lignum Nepbriticum, when we would examine whether the fale . 

predominant in a liquor, or other body, wherein ’tis.loofe and in plenty,’ 

belongs to the tribe of acid falts. For if fuch a body turns the fyrup of a 

red or reddifh purple colour, it for the moft part argues. that body to. 

abound with acid-falt. But if the fyrup be turn’d green thereby, the 

predominant falt feems to be of a nature-contrary to acid: For as fpirit 

of falt, oil of vitriol, Agua fortis, {pirit of vinegar, juice of lemmons, Gc. 

will turn fyrup of violets red or reddifh; fo [ have found.that not only all. 

the volatile falts of animal-fubftances which I have ufed, as {pirit of hart’s-. : 
horn, of urine, of fal-armoniac, of ‘blood, @c. but albthe alkaline falts I. | 
have employ’d, as the folution of {alt of tartar, of pot-afhes, of common* | . 
waod-athes, linie-water, Oc. will immediately change. that blue fyrup~ : 
ito a perfect green:. And by the fame way, the changes that nature and. 
time produce in the more faline-parts of fome bodies, may. be difcover'd - 

anags 
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“Puysrces. aud fuch bedies chymically prepared, as belong neither to the animal 
LAWN kingdom, nor to the tribe of alkalies, have their new nature fuccefsfuily 
examined. But to change the colour of this fyrup, it requires that the body 
be more ftrong of the acid or other falt predominant in it, than is neceflary 
.to work upon the tinéture of Lignum Nephriticum: and tho’ the actions of 
thefe contrary falts will deftroy each other, yet neither of them will re- 
ftore the fyrup to its native blue, asin the nephritic tinéture ; but each 
-of them changes it into the colour which icin affects. | 
21. By dropping on the frefh juice of blue-bottles, or the Cyanus vulga- 
vis minor, a little {pirit of falt, it immediately turn’d to a red. And if 
inftead of the acid fpirit, I mix'd with it a little ftrong folurion of. an 
alkaline falt, it prefently difclofed a lovely green ; the fame changes being, 
‘by thofe different forts of faline liquors, producible in this juice, as in fy- 
-rup of violets. And finding this blue juice, when frefh, to be capable of 
ferving for an ink of that colour; I attempted, by moiftening one part of 
apiece of white paper with the fpirit of falt, and another wich fome 
alkaline or volatile liquor, to draw a line on the paper after it was dry, 
that fhould appear partly blue, partly red, and partly green: but the 
latter part of the experiment did not fucceed well, tho’ the blue and red 
were confpicuous enough to furprize thofe who were unacquainted with 
the trick. But left it fhould be thicught that volatile or alkaline. falts 
change blue into green rather upon the icore of the eafy tranfition of the 
former colour into the latter, than upon account of the texture, wherein 
‘moft vegetables, that afford a blue, feem to be allied; I fhall add, that 
having diffolv’d blue vitriol in fair water, and put a lixiviate liquor and 
an urinous falt to diftin@ parcels of it, each of *em turn’d the liquor not 
green, but of a deep yellowith colour, almoft like that of yellow oker; 
which colour, the corpufcles thereby precipitated, retain’d. 
22. The hint of the following experiment was afforded us by the prac- 


‘tice of fome Italian painters, who counterfeit ultra-marine azure * by 
grinding 


* The Prufian blue is allow’dto exccl | four pints of boiling water; and let it 
the ultra-marine. Andthe preparation of , continue boiling for half an hour. Strain 
it being very curious and ufeful, we fhall | the decoftion, dilute the black remaining 
here give an extra& of that receit for it | fubftance with water, and boil and ftrain | 
which was lately communicated to the | as before, till the water pourd on be- 
Royal Society by Dr. Woodward, asfent him comes infipid. Add the feveral ftrainings 
from Germany. "Take of crude nitre and — together, and evaporate them to four 
crude tartar, each four ounces; powder | pints. Then diffolve an ounce of Englifh 
them fine, mix them together; and after | vitriol, calcined white, in fix ounces of 
decrepitation, there will remain four | rain-water, and filtrre the folution. Dif 
ounces of a fale of tartar: whilft this is | folve,likewife,half a pound of crude alum 
hot, pulverize it, and add thereto four | in two quarts of boiling water; and add 
ounces of well-dry’d ox-blood, in fine pow- | this to the folution of the vitriol taken 
‘der. Calcine the whole in a cover'’d cru-.| hot from the fire; pouring to them alfo 
cible, whereof it may fill two thirds. | the firft lixiviam, whilft thoroughly hot, 
After this operation, lightly grind the | in a large veflel. A great ebullition, 


‘matter in a mortar, and put it hot into |! and a green colour, will immediately 
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gon verdigreafe with fal-armoniac and fome other faline ingredients, Prysrcs- 
and fuffering them to lie for a good while together in a-dunghill; for we Vd, 
fuppofed, that the change of colour wrought in the verdigreafe by this 
way of preparation, muft proceed from the a@ion of certain volatile and 
alkaline falts, abounding in fome of the mixed concretes, and brought to 
“make a further diflolution of the copper contained in the verdigreafe; and 
therefore conje€tured, that if both the verdigreafe, and fuch falts, were 
diffolved in fair water, the {mall parts of both being therein more fub- 
divided, and fet at liberty, would have better accefs to each other, and 
thence incorporate much the fooner. And, accordingly, we found, that The produétion 
if, upon a ftrong folution of good French verdigreafe, we poured a juft ! *'™ some 


quantity of oil of tartar, and fhook them well together, a notable change 
of colour immediately fucceeded; the mixture growing thick, and not 
he grofler part be faa na £6 and 


tranfparent ; but if you ftay till t 
an exceeding de~ 


fettled at the bottom, you may obtain a clear liquor o 
You muft drop in a competent quantity of oil of tar- 
be fo deep and rich; but if, inftead 


lightful colour. 
tar, otherwife the colour will not 


of this oil, you employ a clear lixivium of pot-afhes, you may have an 


azure, fomewhat lighter or paler than the former. 


And if, inftead of ei- 


therof thefe liquors, you make ufe of {pirit of urine, or of hart’s-horn, 


you will, according to the quantity and quality of the fpirit poured in, ob 


tain fome further variety of blue liquors; and, by the help of this urinous 
{pirit, we have made a furprizing blue liquor. But thefe azure-coloured 
liquors fhould be freed from the fubfiding matter, which the falts of tar- 


tar, or urine, precipitate out of them, 
filtration ; for, in the latter method, we have fometimes found the colour 


of them very much impaired. 


23. That rofes, held over the fume of fulphur, may quickly be thereby Of 4 red: _ 


rather by being decanted, than by 


deprived of their colour, and have as much of their leaves, as the fume 
works upon, turned pale, we have already hinted; andit is a known 


experiment. 


But it may feem ftrange to one who has never confidered 


the compound nature of brimftone, that tho’ the fume of it, as we 


enfue. Whilft this ebullition continues, 
pour the mixture out of one veffel into 
another, and afterwards let it reft. Then 
tun the liquor thro’ a linen, and let 
the pigment'remain in the ftrainer ; and 
when ‘tis thus freed from its moifture, 
‘put it, by means of a wooden fpatula, in- 
toa fmall new pot ; pour upon it two or 
three ounces of fpirit of falt, and there 
will immediately arife a moft beautiful 
blue. Let the matter be well ftirr’d, and 
fet to reft for a night ; and afterwards 
thoroughly edulcorate it with repeated 
affufions of rain-water ; allowing a com- 
perent time for the precipitate to fub- 
fide. Thus, at length, it will become ex- 


Vou. I. 


quifitely blue. Laftly, let it drain upon 


the linen ftrainer, and dry it gently for ~ 


ufe. The fuccefs of this procefs greatly 
depends upon the calcination. The cru- 
cible is firft to be furrounded with coals, 
that it may grow gradually hot, and the 
matter leifurely flame and glow. This de- 

ree of heat muft be continued till the 
Haine and glowing decreafe: then the 
fire fhould again be raifed, thar the mat- 
ter may glow with an exceeding whire 
heat; and but little flame appear above the 
crucible. The lixivia muft be vehement- 
ly hot ; and ought to be mix’d together in 
an inftant. See Pbilof. Tranfad. N° 381. 
pI jun 240 é 
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Puystcs. have faid, whitens the leaves of rofes, yet the oil of fulphur per campanam, 
SVN powerfully heightens the tinéture of red rofes, and makes it more red and 
vivid; as we have eafily try’d, by putting fome red rofe-leaves, that ha- 
ving been long dry’d, had loft much of their colour, into a vial of fair wa- _ 
ter: for a while after the affufion of a convenient quantity of the oil, 
both the leaves themfelves, and the water they were fteep‘d in, difcover’d 
‘a very frefh and lovely red colour. 
What quantity 24 Et may ferve to illuftrate not only the doctrine of pigments, and of 
of limpid liquor colours, but many other parts of mechanical philofophy, as odors, and 
ime”? other qualities are explain’d by the affiftance of bodies extremely minute, 
to examine tohow much of a colourlefsliquor,a very {mall parcel of a pig- 
‘ment may impart a difcernible colour. And tho’ fcarce any thing of ex- 
aétnefs can be expected from fuch trials, yet I prefum’d I fhou’d hence be 
able to fhew a much further fubdivifion af the parts of matter into vifible 
particles, than feems hitherto taken notice of, or imagin’d. ‘ 
The moft promifing bodies, for fuch a purpofe, might feem to be metals, 
efpecially gold, becaufe of the multitude and minutenefs of its parts, which 
might be argued from the great clofenefs of itstexture. But tho’ we try’d 
a folution of gold, made in Aqua regia firft, and then in fair water, yet be- 
caufe we were to determine the pigment we employ'd, not by bulk, but 
weight ; and becaufe alfo the colour of gold is but weak, in comparifon of 
that of cochineal, we rather chofe this to make our experiments with. 
But, from a number of thefe, it may fuffice to fele&t one which was care- — 
fully made in veffels conveniently fhap’d ; to which I fhall only premife, that 
the cochineal will be better diffolv’d, and have its colour far more heighten’d 
by fpirit ofurine, than by common water, or even rectified {pirit of wine. 
One grain of cochineal, diffolved in a confiderable quantity of {pirit of 
urine, and then further diluted by degrees with fair water, imparted a 
difcernible colour to fix glafles of water, each containing forty-three oun- 
ces and a half; which amounts to above one hundred twenty-five thoufand 
times its weight. ' 
Acid, alkaline, 25+ It may afford a confiderable hint towards improving the art of dy- 
and urinus ing, to know what change of colours are producible by the three fe- 


[ga Seal veral forts of falts we have mention’d, in the juices, deco¢tions, infufions, 
wgetable pre and the more foluble parts of vegetables. The biue liquors: lately made 


ufe of in our experiments, are far from being the only vegetable fubftan- 
_ces upon which acid, urinous, and alkaline falts, have the like operationsto 
thofe above recited. Ripe privet-berries, for inftance, being erufh’d upon 
white paper, tho’ they ftain it with a purplifh colour, yet if we let fall on one 
part of it, two or three drops of fpirit of falt, and on the other, fome 
{trong folution of pot-athes, the former liquor immediately turns that part 
of the thick juice, or pulp, on which it fell, into a lovely red ; and the latter 
changes the part whereon it falls, into a delightful green. ‘This experiment 
is, perhaps, very extenfive, and ferviceable to thofe who woud know how 
dying ftuffs may be wrought upon by faline liquors. For I have found it 
to fucceed in fo many various berries, flowers, blofloms, and other finer 
parts 
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parts of vegetables, that my memory will not ferve me to enumerate them ; 
and it is furprizing to fee, by what differently colour’d flowers or blofioms.: 
for example, paper being ftain’d, may, by an acid fpirit, be immedi- 
ately turn’d red, and by any alkali, or urinous fpirit, green; fo that even 
the bruis’d bloffoms of Mezereon, gather’d in frofty weather, and thofe 
of peafe crufh’d upon white paper, how remote foever their colours are 
from green, wou’d in a moment pafs into a deep degree of that colour, 
upon the touch of an alkaline liquor. And either of thefe new pigments 
may, by a fufficient affufion of a contrary liquor, be prefently chang’d from 
red to green, and from green to red ;\ which obfervation holds alfo in 
fyrup of violets, the juice of blue-bottles, @c. | 

26. There are, however, fome cafes wherein thefe experiments will not 
uniformly fucceed. And firft, I try d the operation of acid falts upon fuch 
vegetable fubftances as are in their own nature red ; as fyrup of clove- 
July-flowers, the clear exprefs’d juice of buckthorn-berries, red-rofes,infu- 
fion of brazil, and many others ; on fome of which, fpirit of falt either made 
no confiderable change, or only alter’d the colour from a darker toa lighter 
red. And as tothe operation of the other forts of falts, upon thefe’ red 
fubftances, I found it not very uniform ; fome red or teddith infufions, 
as of rofes, being thereby turn’d into a dirty colour, inclining to green. 
Nor was the fyrup of clove-july-Alowers turn’d by the folution of pot-athes, 
to a much better, tho’ a fomewhat greener colour. Another fort of red 
infufion was by an alkali not turn’d into a green, but advanc’d to a 
crimfon ; tho’ there were other kinds of them, particularly the juice of 
buckthorn-berries, that readily pafs’d into a lovely green. 

27. Among other vegetables, which feem’d likely to afford exceptions 
to the general obfervation about the different changes of colours, pro- 
duced by.acid and fulphureous falts, we made trial upon the flowers of jefle- 
mun; they being both white, as to colour, and efteem’d of a more oily 
nature than other flowers. ‘Taking, therefore, only the white parts of the 
flowers, and rubbing them fomewhat hard with my finger, upon a piece 
of clean paper, it appear’d very little difcolour’d thereby ; nor had {pirit 
of falt, wherewith I moiften’d one part of it, any confiderable operation 
thereon.: tho’ f{pirit of urine, and, particularly, a ftrong alkaline folution, 
immediately. turn’d the paper,.tho’ it had remain’d almott colourlefs, of a 
__ deep greenifh yellow ; which experiment I feveral times repeated with the 
like fuccefs. But a great degree of un@uoufnefs feems unneceflary to the 
‘production of thefe efleCts ; for when we try'd the experiment with the 
deaves of thofe pure white flowers that appear about the end of-winter, 
and are commonly call’d fhow-drops, the event was much the fame with 
the Jaft mention’d. 

28. Another fort ofinftances, to fhew how much the changes of colours 
efle€ted by falts, depend upon the particular texture of the colour’d bo- 
dies, we have from {feveral yellow flowers, and other vegetables, as 
‘marygold-leaves, primrofes, frefh madder, @c. For thefe being rubb’d 

upon white paper, till they imbued it wath their colour, I-cou’d not ek 
a: a Dae Side ¥ 
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Puysics.. by the addition of alkaline liquors, or of an urinous fpirit, that they would 

ALA V¥™Ne/ turn either green or red ; even the fpirit of falt would not confiderably al- 
ter their colour, only dilute it a little: tho’, in fome early primrofes, it 
deftroy’d the greateft part of the colour, and made the paper almoft white 
again. Madder, alfo, afforded fomething peculiar ; for having gather’d 
fome roots of it, whilft its yellow juice was frefh exprefs’d upon white 
paper, an alkaline folution being dropp’d upon it, turn’d it neither greem 
nor white, but red ; and the bruis’d madder it felf, drench’d with the 
like alkaline folution, exchang’d its yellownefs for a rednefs. 

29. It may be of ufe, towards difcovering the nature of the changes 
which the alimental juices undergo in different vegetables, in their diffe- 
rent degrees of maturity, to obferve what operation acid, urinous, and 
alkaline falts will have upon thofe juices. ‘To fhew my meaning by an 
example, I took from the fame clufter one black-berry full ripe, and ano- 
ther that had not yet out-grown its rednefs; and rubbing a piece of 
white paper with the former, I obferved, that the juice adhering to it, 
was of a dark reddifh colour, full of little black {pecks; and that this 
juice, by a drop of a ftrong lixivium, would immediately turn into a deep 
greenifh colour; by as much urinous fpirit, into a colour near allied to 
the former, tho’ fainter; and by a drop of fpirit of falt, into a fine light 
red: but the red berry, rubbed in like manner upon paper, left on it a 
red colour, which was very little altered by the fame acid fpirit; and 
from the urinous and lixiviate falts, received changes of colour, different 
from thofe produced in the dark juice of the ripe black-berry. 

IT remember alfo, that tho’ the infufion of damask rofes would be 
heighten’d by acid fpirits, to an intenfe degree of rednefs, and, by lix- 
iviate falts, be brought to a darkifh green ; yet putting a rofe, whofe leaves 
were perfectly yellow, in a folution of falt of tartar, it afforded a green 
bluifh tincture ; but, by means of an acid liquor, I could not obtain a red 
one ; the faline fpirit I employ’d, only a little diluting the yellownefs of the 
leaves. And if I were in the iflands of Banda, abe cloves fo greatly 
profper, I fhould try what operation our three differing kinds of falts. 
would have upon the juice of this {pice ; which eminent authors inform us 
is at firft white, afterwards green, and then reddifh, before ’tis beaten off 
the tree; after which, being dry’d, it grows blackith, as we fee it. And 
one of the lateft botanic writers informs us, that the flower grows upon. 
the top of the clove itfelf, confifting of {mall leaves, like a cherry bloffom, 
but of an excellent blue. 

“Tis very proper to take notice of the particular feafons. wherein the ve- _ 
getables, defigned for the nicer experiments, are gathered. That diligent 
botanift, Mr. Parkinjfon, tells us, that “ of buckthorn-berries are made three: 

“ feveral forts of colours; being gathered green, and kept dry, they are 
* call’d fap-berries ; which being fteep’d in alum-water, give a fair yellow 
“ colour, ufed by painters, book-binders, and leather-dreffers, who alfo. 
by make a green colour, called fap-green, taken from the berries, when 
- they are black; that being bruifed, and put into a brals kettle, ea 
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there fuffered to remain for three or four days, with fome beaten alum Puystcs. 
“* put to them, they are afterwards preffed, and the liquor ufually put into UAV 
“* bladders, and hung up till it be dry: this, he fays, is afterwards diffolved | 
‘* in water, or wine, but canary is the beit to preférve the colour from 
* farving. The third is a purplifh colour, made of the berries, fuffered 
* to grow upon the bufhes, till the middle, or end of November, when 
“ they are ready to fall of themfelves.” And I try’d, with fuccefs, to. 
make fuch a kind of pigment as painters call fap-green, by a way not un- 
like that here delivered by our author. Much after the fame manner, alfo, 
they make fap-green in the colour-fhops. 

30. Many bodies, digefted in well-clofed veflels, change their colour in Chenges of colon 
tract of time, as re€tify’d fpirit of hart’s-horn ; and the fame is evident in i iB Sie 
the precipitations of amalgams of gold and mercury, without addition sebuah te 
where, by the continuance of a due heat, the filver-coloured amalgam 
is reduced into a fhining red powder. And many other inftances of the 
like kind, might be produced. Now, in thefe operations, there appears 
no reafon why we fhould attribute the new colours to the action of a 
new fubftantial form; nor to any increafe, or decreafe of the falt, ful- 
phur, or mercury of the matter that acquires them. For the veflels 
are clofed, and thefe principles, according to the chymifts, are. ingene-- 
rable, and incorruptible. So that the effect feems to proceed from the 
heat, agitating and difcompofing the corpufcles of the body expofed to it ; 
which, in procefs of time, fo changes its texture, that the tran{pofed parts - 
modify the incident light, otherwife than when the matter appeared. of. 
another colour. i 

31. Among the feveral changes of colour which bodies acquire, or dif- 
clofe, by digeftion, it is very remarkable, that chymifts find a rednefs, ra- 
ther than any other colour, in moft of the tin¢étures they draw; and even: 
in the more grofs folutions they make, of almott all concretes that abound. 
either with mineral or vegetable fulphur ; tho’ the menftruum employ’d 
about thefe folutions, or tinctures, be never fo limpid. This we have. 
obferved in abundance of tin@tures, drawn with fpirit of wine from jalap,. 
guaiacum, and many other vegetables; and not only in the folutions of 
amber, benjamin, Oc. made with the fame menftruum; but alfo in fe- 
veral mineral tinctures. And, not to urge that familiar inftance of the 
ruby of fulphur, as chymitts call the folution of flowers of brimftone, made 
with the fpirit of turpentine; nor to take notice of other more known — 
examples of the aptnefs of chymical oils to produce a red colour with the 
fulphur they extract or diffolve ; *tis remarkable, that both acid and alka- 
line falts, tho’, in moft other cafes, of contrary operations, will, with. 
many bodies that abound in fulphureous, or oily parts, produceoa red ; 
as is manifeft in the vulgar inftances of the tinctures, or folutions © 
fulphur, made with lixiviums, either of calcined tartar, or pot-afhes, 
and other obvious examples; and in that the true giafs of antimony, » 
extracted with fome acid fpirits, yields a red tinéture. And a certain 


acid liquor will, in a moment, turn oil of turpentine into a peed 
; | red. 
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_  Puysres.. red™, Among the many inftances I could produce of the eafy produétion 
Lyn of rednefs, by the operation of a faline fpirit, as well as of fpirit of wine, 
two or three of them deferve to be particularly mentioned. 

32. But, before I fet them down, ’tis proper to premife, that there 
feems to be a manifeft difparity betwixt red liquors; for fome of them 
may be faid to have a genuine rednefs, in comparifon of others that have 
it yellowifh. Thus if a good tinéture of cochineal be diluted never fo 
much with fair water, it will not become a yellow liquor. But balfam 
of fulphur, tho’ in a large quantity, it appear to be of a deep red; yetif 
you fhake the containing glafs, or pour a few drops ona fheet of white 
paper, {preading them on it with your finger, what falls back along the 
fides of the glafs, or ftains the paper, will appear yellow. And there are 
many tinctures, fuch as that of amber, made with {fpirit of wine, which 
will appear either yellow or red, according as the veflels that contain them 
are flender or broad. 

33. To come now to the experiments we defigned. Firft, oil or {pirit 
of turpentine, tho’ clear as fair water, being digefted upon the pure white 
fugar of lead, has, ina fhort. time, afforded us a high red tinéture; pro- 

_tbably a good medicine. 

34. Secondly, take common brimftone, and fal-armoniac, of each, fine- 
ly powdered, five ounces ; of beaten quick-lime, fix ounces: mix thefe 
powders exquifitely, and diftil them ina retort, placed in fand, by degrees 

of fire; giving, at length, as intenfe an heat as you can in fand; and there 
will come over a volatile tin¢ture of fulphur,which alfo may prove an excel- 
lent medicine. Now, tho’ none of the ingredients here be red, the diftilled 
liquor is of that colour ; and, if it be well drawn, will, upona little agitation 
‘of the vial, firft unftopped, fend out a great white fume, which fometimes 
{preads wide, and is very offenfive: and tho’ the liquor itfelf be red, and 
its fumes white ; yet it will dye the fingers black. | 

35. The laft experiment, I fhall now produce, to fhew how apt bodies, 
abounding in fulphureous parts, are to afford a red colour, is one wherein 
the operation of a clear faline fpirit upon a white, or whitifh body, may 
produce a rednefs in the twinkling of an eye. We took then, a little effen- 
tial oil of anifeeds congealed, and {pread it witha knife upon a piece of white 
paper; when mixing with it.a drop or two of well rectified oil of vitriol, 
ee immediately emerged, with fome heat and.fmoke, a blood-red co- 
our. | 


_ * Mr. Coles‘found, that a certain fulphu- 
reous fpirit, mixed with a volatile alkali, 
gives a red colour in a moment. This 
fpirit he made, by diftilling two or three 
pound of benjamin with a little fand, in 
a retort, ad ficcitatem ; and putting the 


oil, fpirit, and flowers together in a filtre 


of paper, when the ‘fpirit came firft 
thorough. Put two parts of this fpirit-to 
one of fpirit of fal-armoniac, and {hake 


the containing glafs, and the liquor will 


‘inftantly turn red; tho’ they both were 


clear before. The -more. the veffel is 
fhook, the deeper will be the red. And 


this-effe& is produced without any effer- 


ve{cence ; whence the inventor conceives 
the experiment may be of ufe in ac- 
counting for fanguification. Philof. Zranf. 
N? 228, pe 5426 : 


36. Let 
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36. Let it be here obferved, once for all, that, in many of thefe experi- Puysics. 
ments the colour produced is often very fubjeét to degenerate. However, m~ 
fince the changes we have fet down happen prefently upon the operation of on ie ii 
the bodies on each other, or at the times {pecified ; that is fufficient to thew” 2" 
what we intend. For it is not effential to the genuinenefs of a colour to 
be durable ; a fading leaf, that is ready to rot and moulder into duft, may 
have as true a yellow asa wedge of gold. And I have feveral times ob 
ferved, that the mixture made by the oils of vitriol, and of anifeeds, tho” 
it acquire a thicker confiftence than either of the ingredients, quickly lofes 
its colour, and turns to a dark grey; at leaft in the fuperficial parts, 
where ‘tis expofed to theair. ‘This degeneration of colours may, in many 
cafes, indeed, proceed from the further aétion of the faline corpufcles, and 
other ingredients upon one another; yet much of the fudden change | 
may often be afcribed to the air. Thus we have fometimes obferved 
window-curtains of a light colour, to have that part of them which. 
was expofed to the air, when the window ftood open, of one hue; and 
the lower part, that was fcreen’d from the air by the wall, of another 
colour. And Parkinfou fays, of the plant turnfol, that “‘ its berries, when 
** full ripe, have within them, between the outward skin and the inward. 
“kernel, a certain juice, which rubbed upon paper or cloth, at the 
’ firft appears of a freth lovely green, but prefently changes into a kind 
_ of bluith purple. He adds, that the fame cloth, afterwards wet in 
water, and wrung out, will turn the water into a claret-colour. And 
thefe rags of cloth, fays he, are thofe ufually call’d turnfol in the drug- 
gifts fhops.” Ialfo remember, that letting fome of the deep red. juice 
of buckthorn-berries. drop upon a piece of white paper, and leaving it 
there for many hours, till the paper was grown dry again ; I found the 
juice degenerated toa dirty kind of greyith colour; which, ina great part. 
of the ftain’d paper, feem’d not to have fo muchas an eye of red: tho’ a: 
little {pirit of falt, or diffolved alkali, would turn this unpleafant colour. 
into a redor green. And, to fatisfy myfelf that this degeneration of 
colour did not proceed from the paper, I dropp’d fome of the fame juice: 
upon a white glazed tile; and, permitting it to dry thereon, I found it then 
alfo loft its colour. | 
Having diflolved good filver in Aqua fortis, and precipitated It with. 
{pirit of falt, upon fart decanting the liquor, the remaining matter was 
purely white ; but, after it had lain a while uncovered, the part of it that 
lay contiguous to the air, not only loft its whitenefs, but appeared of a 
very dark, and. almoft blackith colour ; but if the part that was contiguous 
‘to the air, were gently taken off, the fubjacent part of the fame mafs 
would appear very white ; tillthat alfo, having continued a while expofed. 
to the air, would likewife degenerate. Whether the air produce this ef- 
fect by the means of a fubtile falt, by a penetrating moifture, by folliciting 
the avolation of certain parts of the bodies to which ’tis contiguous, or by 
fome other way, I leave. to be further confidered. ”I'were eafy here to 
add many other inftances of rednefs, refulting from the digeftion of pociee 
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Puysics. L have’ often feen, upon the borders of France, a fort of pear, which, di- 
ASV gefted with a little wine in a veflel exactly clofed, will foon appear 
throughout of a deep red colour. Nay, even pure white falt of tartar, 
and limpid fpirit of wine, will, by long digeftion, acquire a rednefs. Some 
other obvious changes of colours frequently happen ; fuch as is the black- 
nefs of bodies burned in the open air, Oc. But I thall not at prefent ex- 
amine into the caufes of thefe changes; tho’ certainly the reafon why the 
‘foots of different bodies are almoft all of them black; why fo much the 
‘greater part of vegetables fhould be rather green than of any other colour ; 
and, particularly, why gentle heat, fo frequently, in chymical operations, 
produces rather a rednefs, than another colour in digefted menftrua, 
may very well deferve a ferious apr . 
‘Diferent effets 37. It may feem ftrange, that if the crimfon folution of cochineal, the 
Se wraduétion af JUiCe of black-cherries, or of fome other vegetables that afford the like 
cslowrsy reeonci- colour, be let fall upon a piece of paper ; a drop or two of an acid fpirit, 
a fuch as fpirit of falt, or Aqua fortis, will immediately turn it into a fair 
red; whilft an infufion of brazil, in fair water, will have its rednefs de- 
ftroy’d by a little {pirit of falt, or Aqua fortis; and be turn’d either 

yellow or pale. But if we confider the cafe attentively, the action of the 
acid fpirit feems, in both thefe experiments, only to weaken the colour of 
the liquor wherein it falls ; and fo tho’ it deftroys rednefs in the tinéture 
of brazil, but produce it im the tinéture of cochineal, its operations may be 
ftill uniform : fince as crimfon is little elfe than a very deep red, with per- 
haps an eye of blue; fo fome kind of reds feem to be little elfe than 
heightned yellow ; and confequently in fvch bodies the yellow feems to 
be but a diluted red. And accordingly, alkaline folutions, and urinous 
fpirits, which feem difpos’d to deepen the colours of moft vegetable li- 
quors, will not only reftore the folution of eochineal, and the infufion of 
brazil to the crimfon, from which the {piri of falt had changed them into 
a.truer red; but will alfo heighten the yellow juice of madder into red, 
and advance the red infufion of braziltoa crimfon. But perhaps it will 
be much fafer to derive thefe changes from the vary’d texture, than from 

the peculiar kinds of bodies. | 
The colurs of 38. It might greatly contribute to the hiftory of colours, if chymifts 
we imes of would give usa faithful account of thofe to be obferved in the fteams of bo- 
fubftances they dies, fublimed, or diftilled, and of the productions made by the coalition of 
Pea? thole fteams. Thus, for inftance,we find in diftilling pure falt-peter,that at a 
"certain jun@ture of the operation, the body, tho’ it feem either cryftal- 
line, ot whité, affords very red fumes; whilft tho’ vitriol be either green or 
-blue, its fpirit comés over in whitifh vapours. The like colour I have found 
sin the fumes of fevéral other concretes, of different colours and natures ; 
efpecially when diftill’d with ftrong fires. And even foot, as black as it 
is, has fill’d our’ receivers with white fumes. No lefs obfervable may 
the diftill’d liquors be, into which fuch fumes convene : for tho’) by skill 

and.care, a reddifh liquor is attainable from nitre, yet the common {pirit 
of it, im the preparation whereof abundance, of thefe red fumes pafs 
3 i over 


upon COLOURS. Sr 

over into the receiver, has no appearance of red. Neither the fpirit of Puysycs: 
vitriol, nor of foot, is white ;and the empyreumatical oils of woods, and WAYS 
other concretes, are either of a deep red, or of a colour between red : 
and black. Eut “tis very remarkable, that notwithftanding the great va- 
riety of colours, to be met with in herbs, flowers, and other bodies ufually 
diftll’d i Balneo; yet all the waters and {pirits that firft come over by that 
way of diftillation, leave the colours of the concretes behind them ; tho’, 
indeed, there are one or two vegetables, not commonly taken notice of, 
whoie diftill’d liquors carry over the tinéture of the concrete with them, 
And as in diftillation, fo in fublimation, it were worth while to take no- 
tice of what happens to our purpofe, by performing that operation in 
conveniently fhap’d glafles, wherein the colour of the afcending fumes 
may be difcern’d ; for it might afford anaturalift good information, to ob-= 
ferve the agreements, or differences betwixt the colours of the afcend- 
ing fumes, and thofe of the flowers they compofe by their convention. It 
is evident, that thefe flowers do, many of them, greatly differ in point of 
colour, not only from one another, but often from the concretes that af- 
ford them. ‘Thus, tho’ camphire and brimftone afford flowers much of their 
re{pective colours, except that thofe of brimftone area little paler than the 
lumps that yielded them ; yet the flowers of red benjamin are either white, 
or whitifh. And, to omit other inftances, even that black mineral, anti- 
mony, may be made to afford flowers, fome of them red, others erey, 
and which is more ftrange, fome of them purely white. And glafs- 
men, by exquifitely mixing a convenient proportion of brimftone, fal- 
armoniac, and quick-filver, and fubliming them together, make a {ubli- 
mate of an excellent blue. And tho’, upon making this experiment, we 
found the fublimate to be far from a lovely colour, yet, in ei parts, it 
feem’d bluifh, and was, at leaft, of a cclour very different from either 
of the ingredients; which is fufficient for our predent purpofe. But 
a much finer colour is promis’d by fome empirics, who tell us, that 
orpiment fublim’d, will afford, among the parts of it that fly upwards, 
fome little mafles, which, tho’ the mineral it felf be of a good yellow, will 
be red enough to emulate rubies, both in colour and tranfparency. This 
experiment may, for ought I know, fometimes fucceed ; for I remember, 
that having in a {mall bolt-head, purpofely fublim’d fome powder’d or- 
piment, we could, in the lower part of the fublimate, difcern, here and 
there, reddifh lines ; tho” much of the upper part of it confifted of 
a matter not only purely yellow, but tranfparent. And we have alfo, by 
this means, obtain’d a fublimate, which, tho’ it confifted not of rubies, 
yet {mall pieces of its lower part, that were numexous, afforded a plea- 
fant reddith {parkling colour. 

39. Take the dry’d buds, or bloffoms, of the pomegranate-tree, com- ys one 
monly called balauftins, pull off the reddifh leaves, and, by a gentle s fine [pirits 
ebullition, or a competent infufion of them in fair water, extract a ie sank Nea 
faint reddith tin@ture, which, if the liquor be turbid, you may clarify * "6°" 
by the filtre ; into this, if you pour a little fpirit of urine, or fome other 
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Puysics. fpirit, abounding in the like fort of volatile falt, the mixture will pre 
WY fently turn of a dark greenifh colour: but if, inftead of fuch a fpirit, 
you drop into the Oe infufion, a little re€tify’d fpirit of fea-falt, the 
ale liquor will immediately grow more tran{parent, and acquire a high 
red, like that of rich claret ; and this may as fuddenly be deftroy’d, and 
turn’d into a dirty bluifh green, by the affufion of a moderate quantity 
of the {pirit of urine. This experiment gives light to two others that I met 
with in Gaffendus. The experiments as we madethem, were thefe. We took 
a glafs of luke-warm water, and therein immerg’da quantity of the leaves 
of fena, upon which there appear’d no rednefs in the water ; but dropping 
into it a little oil of tartar, the liquor foon became reddith ; tho’ by a lit- 
tle oil of vitriol, fuch a colour could not be extra€ted from the infufed 
fena. On the other hand, we took fome dryed red rofe-leaves, and fha- 
king them in a glafs of fair water, they communicated no rednefs to it ; 
but upon the aftufion of a little oil of vitriol, the water was immediately 
turn’d red: which it would not have been, if inftead of oil of vitriol, we had 
employ’d oil oftartar. Our author tells us, there was no rednefs either in 
the water, the leaves of fena, or the oil of tartar ;yet we have found that by 
fteeping fena for a night in cold water, it would afford a very deep yellow, 
or reddifh tinéture, without the help of oil of tartar; which feems to do 
little more than affift the water more fuddenly to extract a plenty of that 
red tinéture wherewith the leaves of fena abound: for having made a tin- 
ture of fena, only with fair water, and decanted it from the leaves before 
it grew reddifh, we could not perceive, by dropping fome oil of tartar into 
it, that the colour was confiderable, tho’ it were thereby a little heighten’d 
into a rednefs. And the fame thing may be alledg’d in the experiment 
with red rofe-leaves ; for we found that fuch leaves, by bareinfufion; fora . 
night and a day, in fair water, aflorded a tinéture bordering upon red- 
nefs; and that colour being confpicuous in the leaves themfelves, feem’d 
not wholly produc’d, but extracted by the oil of vitriol. But to improve 
the experiment, take the tinéture of red rofe-leaves, made with a little oil 
of vitriol, and a large quantity of fair water, pour off this liquor into a 
clear vial, half fill’d with limpid water, till the water held againft the 
light hath acquired a competent rednefs, without lofing its tran{parency: 
into this tin@ture, drop, leifurely a little fpirit of urine ; and fhaking the 
vial, which you muft ftill hold againft the light, you will fee the red liquor 
immediately turn’d into a fine greenifh blue ; a colour not to be found in 
any of the bodies upon whofe mixture it enfued. And this change is the 
more remarkable, becaufe tho’ the degeneration of blue into red, be uiual, 
the turning of red into blue, is very unfrequent. If, upon the falling of 
each drop of fpirit of urine, you fhake the vial containing the red tincture, 
you may obferve a pretty variety of colours ‘in the paflage of that tinGure 
froma red to a blue. And fometimes we have thus obtain’d fuch a 
liquor, as being view’d againft, and from the light, feem’d faintly to emu-’ 
late the tinéture of Lignum Nephriticum. And if you make the tin@ture of 
red-rofes very high, and, without diluting it with fair water, pour ‘ 
ead | } : the 
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the fpirit of urine, you may have a bluefo deep as to render the liquor opake; 
but if it be dropp’d upon white paper, the colour will foon difclofe itfelf, ' 
Having; alfo, made the red, and confequently the blue tinéture very tranfpa- 
rent, and fuffer’d it to reit in a {mall open vial for a day or two; we found 
that not only the blue, but the red colour, likewife, was vanifh’d ; theclear 
liquor remaining of a bright amber colour, at the bottom whereof fubfi- 
ded a large, light feculency, almoft of the fame colour ; which feems to 
be nothing but the ting’d parts of the rofe-leayes, drawn out by the acid 
{pirits of the oil of vitriol, and precipitated by the volatile falt of the {pirit 
of urine. ‘This makes it the more probable, that the rednefé drawn by 
the oil of vitriol, was as well an extraGtion of the tinging parts of the ro- 
fes, as’a production of rednefs. And laftly, the colour of the tin€ture of 
rofes, may be chang’d by many other fulphureous falts ; asa {trong fo- 
lution of pot-athes, oil of tartar, ¢c. tho’ thefe are feldom fo free from 
feculency, as the fpirit of urine becomes by diftillation. And Ihavea way 
of producing a full purple, by employing a liquor not made red artificially, 
inftead of the tin¢ture of red-rofes ; for having by infufing the powder of 
log-wood fora while in fair water, made that liquor red, I dropp’d into 
ita little urinous fpirit, as that of fal-armoniac, by which the colour was 
inftantly turn’d intoa rich and lovely purple. But care muft be taken 
not to Jet fall into a fpoonful of the tinéture, above two or three drops of 
the {pirit, left the colour become fo deep as to make the liquor opake. 
And if inftead of fair water, I infus’d the log-wood in water, made a little 
four by the acid fpirit of falt ; I obtain’d neither a purple, nor a red, but 
only a yellow liquor. i | : 

40. The following experiment is very furprizing ; and, of all I have 
yet met with, feems the fitteft to enforce our do@trine of colours, and to 
thew them not to be inherent qualities, flowing from the fubftantial forms 
of the bodies whereto they are {aid to belong; fince by a bare mechanical 
change of texture, inthe minute parts of bodies, colours may,inamoment, be 
generated quite de ovo, and utterly deftroy’d : for there is this difference 
betwixt the enfuing experiment, and moft of the others we deliver, that in 
this, the colour of a body is not chang’d into another, but betwixt two 
bodies, each of them, a-part, colourlefs, there is, in a moment, generated 
a very deep colour, which, if it were let alone, would be permanent; and 
yet, by a very {mall parcel of a third body, that has no colour of its own, 
this otherwife permanent colour, will inftantly be fo utterly deftroy’d, as 
to leave not the leaft fign of any colour inthe whole mixture. This expe- 
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riment is very eafy, and thus perform’d. Take good common fubli- A cobur in. 


antly genera 


mate, and fully fatiate with it what quantity of water you pleafe, ae ted, and per- 
c 


fully filtre the folution thro’ clean clofe paper, that it may drop down 
and colourlefs as fountain water. Then, when you would fhow the expe- 
riment, put about a fpoonful of it into a fmall wine-glafs, or other conve~ 


nient veffel, and letting fall therein three or four drops of good oil of tar- 


tar per deliquium, well filtred, that it may likewifé be without colour, 
thee two limpid liquors will, in the twinkling of an eye, turn into an opake 
| M 2 mixture 


ear fectly deftroy’d, 
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mixture of a deep orange-colour; which, by continually fhaking the glafs 
in your hand, you muit prevent from fettling too foon at the bottom. And 
when the {pectators have view’d this. firft change, prefently drop in four 
or five drops of oil of vitriol, and continuing to fhake the glafs pretty 
ftrongly, that it may the fooner diffufe itfelf, the whole colour will now im- 
mediately difappear, and all the liquor in the glafs become clear and colour= 
lefs, as before, without the leaft fediment at the bottom. But for the more 
neat performance of this experiment, obferve, Firft, not to take too much of 
the folution of fublimate, nor drop in too much of the oil of tartar, to: avoid 
the neceflity of putting in fo much oil of vitriol, as to caufe an ebullition. 

Secondly, “tis convenient to keep the glafs. conftantly in motion, both 
for, the better mixing of the liquors, and hindering, as we faid, the yellow 
fubftance from fubfiding, which it would otherwife foon do; tho” when 
"tis fubfided, it will retain its colour, and be deprived of it by the oil of 
vitriol. : 

Thirdly, if any yellow matter ftick to the fides of the glafs, *tis but 
inclining the veffel, till the clarify’d liquor can wath along it, and the li~ 
quor will prefently imbibe it, and deprive it of its colour. 

My notion of the different natures of the feveral tribes of falts, having led 
me to devife this experiment ; I can eafily affign the chymical reafon of the 
phenomenon. Having then obferved, that mercury, diffolved in fome men- 
{trua, would yield a dark yellow precipitate; and fuppofing that common 
water, and the falts that {tick to the mercury, would, in this refpeét, be 
equivalent to thofe acid menftrua which work upon the quick-filver, on 
account of their faline particles; I fubftituted a folution of fublimate in 
fair water, inftead of a folution of mercury in Aqua fortis, or {pirit of ni- 
tre: then, confidering that what makes the yellow colour, is indeed but a 
precipitate, obtain’d by means of the oil of tartar, which generally pre- 
cipitates metalline bedies corroded by acid falts ; fo that the colour in our 
cafe refults from the coalition of the mercurial particles with the faline 
ones, wherewith they were formerly affociated; and with the alkaline 
particles of the falt of tartar, that float in the oil. Confidering alfo, that very 
many effects of lixivious liquors upon the folutions of other bodies may be 
deftroyed by acid menftrua, I concluded, that if I chofe a very ftrong acid 
liquor, which by its incifive power might undo the work of the oil of tar= 
tar, and difperfe again thofe particles which the other had, by precipita- 
tion, aflociated into ira minute corpufcles as were, before, fingly invifible, 
they would difappear again, and confequently leave the liquor as colour- 
lefs as before the precipitation was made. ‘This feems to be the chymical 
reafon of the experiment, and is that which induced me to make it. But 
to give a perfect mechanical folution of the whole phenomenon, is more 
than I pretend to. However, the yellownefs of the mercurial folution, 
and oil of tartar, feems produced by the precipitation occafioned by the 
affufion of the latter ; as the deftruétion of the colour proceeds from. the 
diffipation of that curdled matter, whofe texture is deftroy’d, and the 
matter itfelf diffolved into minute and invifible particles, by the ftrong acid 

: men~ 
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menftruum: which is the reafon why there remains no fediment at the Puystcs: 
bottom; the infufed oil taking it wp, and refolving it into invifible parts, LA"VWN 
as water diffolves falt or fugar. | 

But, to confirm my conjecture as to the chymical reafon of our experi- 
ment, I might add, that I cannot only make the mercury precipitate out 
of the firft {imple folution quite of a different colour from that mentioned ; 
but if, inftead of altering the precipitating liquor, I altered the texture of 
the fublimate in fuch a manner, as my notion about falts requires, I can 
produce the fame phenomenon. For having fublimed together equal parts 
of fal-armoniac, and fublimate, firft diligently mixed, the afcending fow- 
ers diffolved in fair water, and filtred, gave a folution limpid and colour- 
lefs, like that of the other fublimate; and yet an alkali dropped into this 
liquor, did not turn it yellow, but white. And, upon the fame founda- 
tion, we may with quick-filver, unaffifted by common fublimate, prepare: 
another fort of flowers difloluble in water, without difcolouring it ; which 
will alfo change its colour in the fame manner. . And fo much does the 
colour depend upon the texture refulting from the convention of the feveral 
forts of particles, that tho’, in our experiment, oil of vitriol deftroys the 
yellow colour; yet with quick-filver, and fair water, by the help of oil of 
vitriol alone, we may eafily make a kind of precipitate, of a fair and per- 
manent yellow; as we fhall fee hereafter. I here make choice of oil of 
vitriol, becaufe, when well rectified, ’tis not only colourlefS and fcentlefs,. 
but extremely {trong and incifive. And common Aqua fortis will not per= 
form the fame thing fo well. 

This experiment may be feveral times repeated with the fame parcels of 
the liquors ; for I found, that after I had clarify’d the orange-coloured 
mixture, by the addition of as little of the oil of vitriol as would fuffice to 
produce the effect, I could, at pleafure, re-produce the opake colour, by 
dropping in frefh oil oftartar; and deftroy it again, by the re-affufion 
of more of the acid menftruum: tho’, by the addition of fo much new li- 
quor, in proportion to the mercurial particles, the colour will, at length, 
appear weak and faint. | 

By boiling crude antimony in a ftrong and clear lixivium, you may fepa- The preceding 
rate a fubftance from it, ‘call’d by fome chymifts] it’s fulphur ; which emer 74 
when let fall by the liquor, upon its refrigeration, often fettles.in flakes of 
a yellow fubftance. Confidering therefore, that common fulphur, boiled 
in a lixivium, may be precipitated out of it by Rhenifb, or white-wine,— 
which are fourith liquors, and contain an acid falt; and having found, by 
tryal, that with other acid liquors I could precipitate out of lixivious fol- 
vents, fome other mineral concretions, abounding with fulphureous parts, 
of which fort is crude antimony ; I concluded it eafy to precipitate the an- 
timony, thus diflolved, with the acid oil of vitriol. And tho’ common ful- 
phur yields a white precipitate, called Lac Sulphuris; yet I fappofed the 
precipitated antimony would be of a deep yellow colour ; as well, if made 
with oil of vitriol, as by refrigeration, and length of time. From hence. 

twas ealy to deduce this experument, that if we put into one glafs. fone 
tS: 
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Puysies. this frefh filtred folution of antimony; and. into another, fome. of the 
MV orange-coloured: mixture, ‘made with a mercurial folution, and oil of tar- 
tar; a few drops of oil of vitriol, let fall into the latter glafs, would turn 
the deep yellow mixture into a clear liquor ; whilft a little of the fame oil 
dropped into the other glafs, prefently turn’d the moderately clear folution 
into a deep yellow fubftance. But this fucceeds not well, unlefs you employ 
a lixivium that has lately diflolved the antimony,and before it fuffers it to fall : 
yet, in f{ummer-time, if the lixivium have been duly impregnated, and well fil- 
tred after it is quite cold, it will for fome days retain antimony enough to ex- 
hibit, upon the affufion of the corrofive oil, as much of a good yellow fubftance 

as is neceflary to fatisfy the {pe€tators of the poffibility of the experiment. 
To find what — "The diftinétion of falts into acid, volatile, and fixed or alkaline, may 
sad et poffibly be fo ufeful in natural philofophy, * as to render it an accep= 
volatile or fix’, table corollary of the preceding experiment, from thence to deduce a 
Peery” method of trying which, or whether any one of thofe falts is predomi- 
gar o faline Nant in chymical liquors. We have already fhewn away, by means of 
are the tincture of Liguum Nepbriticum, or of fyrup of violets, to difcover 
whether a falt propofed be acid or not; yet we can thereby only find 
in general, that particular falts belong not to the tribe of acids: but 
cannot determine whether they belong to the tribe of the urinous; (under 
which I comprehend all thofe volatile falts of animal, or other fubftances, 
that are contrary to acids) or to that of alkalies: for both thefe falino- 
fulphureous {alts will reftore the blue colour to that tin@ture, and turn 
the fyrup of violets green. The prefent experiment, therefore, commodi- 
oufly fupplies this deficiency. I found, that all thofe chymical falts I 
thought fit to make tryal of, would, if they were of a lixivious nature, 
make, with fublimate diffolved in fair water, an orange-tawny precipi- 
tate ; 


-* About the nature of falts, Sir// Newton ) ‘* the ftrong attraction, whereby the acid 

thus argues. ‘* When mercury fublimate | ‘ particles rufl upon, and agitate the 

** is re-fublimed with frefh mercury, and | ‘* particles of the tongue? And when 

** becomes Mercurius dulcis, which is a | “ metals are diffolved in acid menftrua, 

“* white taftlefs earth, fcarce diffolvable | ‘‘ and the acids in conjunéion with the 

“* in water; and Mercurius dulcis re-fab- | ‘* metal, a& after a different manner, fo 

“* limed with fpirit of fale, returns into | ‘* thar the compound has a different tat 

“* mercury fublimate; and when metals | “* much milder than before, and fome- 
“corroded with a little acid; turn into | «* times a fweet one; is it not becaufe 

. “ ruft, which is an earth taftlefs, and | ‘ the acids adhere to the metallic parti- 
_ © indiffolvable in water ; and this earth, | “ cles, and thereby lofe much of their 
“imbibed with more acid, becomes a | “ a@ivity? And if the acid be in too 

** metallic falt; and when fome ftones, as | “¢ fmall a proportion to make the com- 

* {par of lead, diffolved in, proper men- | “ pound diffolvable in water; will it 

*¢ ftrua, become falts; donot thefe things | ‘‘ not, by adhering ftrongly to the metal, 

** fhew, that falts are dry earth and wa- | “ become unaétive, and lofe its taft, and 

a tery acid united by attraftion; and | “ the compound be a taftle{s earth? 

a that the earth will not become afalt.| “ For fuch things.as.are not diffolvable 

if without fo much acid as makes it dif- | « by the moifture of the tongue, a& not 

folvable in water? Do not the fharp | * upon the taft. As gravity makes the 


a and pungent taftes of acids arife from | “ fea flow round the denafer and weigh- 
. “ gler 
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tate; but if they were ofan urinous nature,’ the’ precipitate would be 
white and milky. So that having always at hand fome fyrup of violets, 
and a folution of fublimate; I can, by the help of the former, immedi_ 
ately difcover whether a‘ propofed falt, or faline body, be of an acid na- 
ture; ifit be, I need inquire no further ; but if not, Tcan very eafily and 
readily diftinguifh between the’ other two kinds of falts, by the white, or 
orange-colour, immediately produced by pipe: fall a few drops or grains 
of the falt to be examined, into a {poonful of the clear folution of fabli- 
mate. ‘Thus, for example, it has been fuppofed, that when fal-armoniac, 
mixed with an alkali, is forced from it by the fire in clofe veflels, the vo- 
Jatile falt thence obtained, is but a more fine and fubtile fort of fal-armo-~ 
niac; which, ‘tis prefumed, this operation only purifies more exquifitely 
than common folutions, filtrations, and coagulations. But ‘this opinion 
may eafily be proved erroneous, as by other arguments, fo particularly 
by our method of diftinguifhing the tribes of falts. For the faline fpirit 
of fal-armoniac, as it is in many other manifeft qualities very like the 
{pirit of urine; fo, like that, it will inftantly turn fyrup of violets to a 
lovely green ; a folution of good verdigreafe into an excellent azure; and 
make the {olution of fublimate depofite a white precipitate. ‘Therefore, in 
moft experiments, where I only defign to produce a fudden change of co- 
Jour; I {cruple not. to ufe fpirit of fal-armoniac, when at hand, inftead 
of {pirit of urine ; as indeed it feems chiefly to confift of the volatile uri- 
nous falt. And by this way of examining chymical liquors, we may not 

only, in general, conclude afhrmatively, but, in fome'cafes, negatively. 
Thus, fince f{pirit of wine, and, as far as I have try’d, the chymical oils 
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will not turn fyrup of violets red, or green ; nor the folution of fublimate, _ 


“¢ hence it feems to be, that falts are of a 
“ Jafting nature, being fcarce deftroyed, 
“‘ unlefs by drawing away their watry 
‘¢parts by violence, or by letting them 
‘* foak into the pores of the central 
earth by ‘a gentle heat in putrefac- 


“‘ tier parts of the globe of the earth; 
“ fo the attra@ion may make the watry 
“* acid flow round the compaéter parti- 
* cles of earth, for compofing the parti- 
“ cles of falt. For otherwife the acid 
*€ would not do the office of a medium 


** between the earth and common water, 
“* for making falts diffolvable in the wa- 
“ter; nor would falt of tartar readily 
** draw off the acid from diffolved metals, 
“nor metals the acid from mercury. 
** Now, as in thefgreat globe of the earth 
“and fea, the denfeft bodies by their 
“gravity fink down in water, and al- 
“‘ ways endeavour to go towards the 
“centre of the globe ; fo in particles 
“of falt, the denfeft matter may al- 
*‘ ways endeavour to approach the cen- 
** tre of the particle: fo that a particle 
** of falt may be compared to a chaos, 
“* being denfe, hard, dry, 
“the centre; and rare, foft, moift, and 
“ watry in the circumference. And 


and earthy in 


tion, till the earth be diffolved by the 
water, and feparated into fmaller par- 
ticles; which, by reafon of their fmall- 


Hence alfo it 
may be, that.the parts of animals and 


*¢ vegetables preferve their feveral forms, 


and affimilate their nourifhment ; the 
“ foft and moift nourifhment eafily chang- 
ing its texture, till it becomes like the 


centre of each particle. But when the 
nourifhment grows too moift to be affi- 
“« milated, or the central earth grows too 
‘6 feeble to affimilate it, the motion ends 
‘* in confufion, putrefa&tion, and death.” 
Newton Optics pe 3603620 + 


nefs, make ‘the rotten compound ap- 
“© pear of a black colour. 


denfe, hard, dry, durable earth in the: 


white 
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Puysics. white or yellow, I infer, with probability, that either they,are deftitute of 
(~-/ falt, or have fuch as belongs not to either of the three grand families men-~ 
tion’d. | :  ) fi ite 
And thus, upon examining the fpirit of oak, or of fuch like fubftances, 
fore’d over the retort, I found by this means, amongft others, that thofe 
chymifts are much miftaken, who make it a fimple liquor, and one of their 
hypoftatical principles ; for, not to mention what phlegm it may have, a 
few drops of one of this fort, of {pirits, mix’d with a large proportion of 
fyrup of violets, turn’d it purplith; by the affinity of which colour to red- 
nefs, I conjectur’d that the fpirit contain’d fome acid corpufcles, and ac- 
cordingly found, that it would deftroy the bluenefs of the nephritic tin- 
ture; and that being put upon corals, it would corrode them like common 
{pirit of vinegar, and other acid liquors. And to examine whether,there 
were nota great part of the liquor of other thanan acidnature; having fepa~ 
rated the four part from the reft, we concluded, the remaining part, tho’ it 
had a ftrong taft, as well as {mell, to be of a nature different from that 
of any of our three forts of falts ; for it did as little as fpirit of wine, and. 
chymical oils, alter the colour. of fyrup of violets, and a folution of fub-' 
limate : whence we alfo inferr’d, that the change made of that fyrup into 
a purple colour, was effected by the vinegar, that proved one of the in- 
gredients of the liquor which ufually paffes for a fimple, or uncompounded 
irit. 

? And by the fame way we may examine and difcover many changes that 
are produced in bodies, either by nature or art; for both are able, by 
changing the texture of fome fubitances, to qualify them. to operate 
after a new manner, upon the fyrup, or folution. “Thus I have difco- 
ver'd, that there are factitious bodies, which, tho’ they run as readily as 
{alt of tartar, belong, in other refpeéts, not to the family of alkalies, much 
lefs to that of volatile or acid falts. Perhaps, too, I know a way of ma- 
king a highly operative faline body, that fhall neither change the colour of 
fyrup of violets, nor precipitate the folution of fublimate. And I can, 
likewile, conceal the liquors wherewith I make fuch changes of colours 
as thofe lately mention’d, by quite altering the texture of fome ordinary 
chymical productions. | 

We may here obferve, that the reafon why our method of examining 
falts, fucceeds in the folution of fublimate, depends upon the particular 
texture of that folution, as well as’ upon the different natures of the faline- 
liquors employ’d to precipitateit. For gold diffolv’d in Agua regia, whether 
it be precipitated with oil of tartar, which isan alkali, or fpirit of fal-ar- 
moniac, which is a volatile falt, will either way afford a yellow fubftance ; 
tho’ oil of vitriol, it felf, would not precipitate the metal out of the folution, 
or deftroy the colour of it; notwithftanding that oil will readily precipitate | 
filver diflolv’d in Aqua fortis, And if you diflolve pure filver in Aqua for 
tis, and fuffer it to fhoot into cryftals, the clear folution of thefe made in 
fair water, will afford a very white precipitate, whether occafion’d by 
an alkali, or an acid fpirit; tho’ with {pirit of fal-armoniac, made: with’ 

quick- 
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quick-lime, I cou’d obtain nothing like it ; this volatile {pirit, as alfo that Puysicé. 
of urine, fcarce doing any more than ftriking down a very {mall quantity LAW 
of matter, which was not fo much as whitifh ; fo that the remaining li- 
quor, being fuffer’d to evaporate its fuperfluous moifture, the greateft 
part of the metalline corpufcles, with the faline ones that had imbibed 
them, coagulated together into falt;as is ufual in fuch folutions, when 
the metal has not been precipitated. 
41. From f{pirit of urine, made after fermentation, anda due propor- 
tion of copper-filings, having obtain’d a very lovely azure folution; I pour’d 
into a clean glafs, about a {poonful of this liquor, and found I could, by fha- - 
King into it fome drops of ftrong oil of vitriol, immediately deprive it of its 
deep colour, and make it look like common water. And if into a {mall 
 fpoonful of a folution of good French verdigreafe, made in fair water, I 
dropp’d and fhook fome ftrong fpirit of falt, or dephlegm’d Agua fortis, 
the greennefs of the folution would, in a trice almoft, totally difappear, 
and the liquor, held againft the light, {carce appear other than clear, or 
limpid ; which is therefore remarkable, becaufe we know, that Aqua fortis, 
by corroding copper, the thing which gives the colour to verdigreafe, ufually 
reduces it to a greenifh blue folution. But if into this almoft colourlels 
liquor, you drop a juft quantity either of oil of tartar, or {pirit of urine, 
you may-find, that after the ebullition is ceas’d, the mixture will difclofe 
a lively:colour,-tho’ fomewhat different from that the folution of verdigreafe 
‘had originally. : : g 
42 .But thefe experiments tending either to alter’ the colour of a body, or One body chant’ 
entirely to deftroy it, without giving it a fucceflor; I hada defire alfo, to Faia pistes 
turn a body of one -colour into two, very different both in. confift- by a colouvlefs 
ence and colour, ‘by help of one ‘that was -colourlefs. In. order to hig, areren’ 
finding the acidity ‘of {pirit-of vinegar to be wholly deftroy’d, by working 
upon Minium, Isconcluded, that the folution of lead, in dpirit of vinegar, 
‘would:-alter the colour of the Juices-and infufions of feveral plants, after 
the manner of oil of tartar ; and, accordingly, I was quickly {atisfied, 
‘upon trial, that the infufion of rofe-leaves would, by a {mall quantity of 
this folution, well mix’d with it, be immediately turn’d into a faddifh 


een. | 

‘And further, I had often found, that oil of vitriol will precipitate 
‘many bodies, both mineral and others, diffolv’d not only in Aqua fortis, 
but particularly in fpirit of vinegar. I had alfo found, that the. pow= 
ders precipitated by this liquor, were ufually fair and. white. Laying 
thefe things together, twas not difficult to conclude, that if upon a tinéture 
of red Ree made with fair water, I dropp’d a quantity ofa ftrong 
folution of Minium, the liquor would be turn’d into the like muddy green 
fubftance, whereto oi! of tartar would reduce it 3 and that a convenient 
proportion -of oil of vitriol, would have two diftiné operations upon 
the mixture ; the one, to precipitate the diffolv’d lead in the form of 
a white powder ; the other, to clarify the muddy mixture, and. both 
reftore, and’ exceedingly heighten the rednefs.of the infufion of rofes:s 
~ Vou. JIL ? N and 


90 


_ Puysics. and making the experiment accordingly, in a conical glafs, that the fubfidin 


Experiments and Obfervations | 


powder might feem {to poflefs the more {pace, and be the more conf{pi- 
cuous; I found, upon fhaking the green mixture, that the colour'd li- 
quor might be the more equally difpers’d, a few drops of the rectified 
oil of vitriol, prefently turn’d the opake liquor into one, that, was clear 
and red, almoft like a ruby ; and threw down a large quantity of a pow- 
der, which, when fettled, would have appeared very white, if fome inter- 
{pers’d particles of the red liquor had not a little allay’d the purity, tho’ 
it did not blemifh the beauty of the colour. ieee oe 
And. to fhow that thefe effects flow from the oil of vitriol, as it is 
a firong acid menftruum, that has the property both to precipitate lead, 
as well as fome other fubftances, out-of {pirit of .vinegar, and to heighten 
thecolour of red rofe-leaves; I have done the fame thing, tho:, perhaps, 
not quite fo well, with fpirit of falt, but could not do it’ with Agua fortis 5 
becaufe tho’ that potent menftruum, as well as the others, heightens the 
rednefs of. rofes, yet it would not, like-them, precipitate lead out of 
fpirit of vinegar, but rather diffolve it.’ And as, by. this way, we have 
produc’d a red liquor, and a-white precipitate, out of a dirty green ma= 
giftery of rofe-leaves ; fo, by the fame method, we may produce a fair: 
yellow, and fometimes a red liquor, and the like precipitate out of an 
infufion of a curious purple,colour. For, 1 lately intimated, that Lhad, with 
‘a few'drops of an alkali, turn’d the infufion: of log-wood.- into.a, lovely 
urple ; but if, inftead of that alkali, I fubftituted a very ftrong;. and .well- 
filtréed folution of Minium; made with fpirit. of vinegar ; and)took about 
half as much of this’ liquor astheré was of the infufion of log-wood ; a 
convenient proportion of fpirit of falt, would, if the liquors were briskly 


 fhook together, prefently ftrike,down a precipitate like the/former, and 


turivthe liquor that {wam above it; for the moft part, into’a lovely yellow. 
_t But to advance: this: experiment a -little further, I-confider'd, ‘that, -in 
vafe L-firfi-turn’d a {poonful of the infufion' of log-wood, purple, by a 
convenient proportion of the folution of Minium; the affufion of fpirit.of fal- 
armoniac, would precipitate the corpufcles of lead, conceal’d in the folution 
of Minium, and yet not deftroy the purple colour of the liquor ; whereupon. 
Ithus proceeded. I took about a {poonful of the freth tinéture of log-weod,. 
(for if it be ftale, the experiment will not always fucceed ) and. having put to 
it a convenient proportion of the folution of Minium, to tarn It into a 
deep and almoft opake purple; I then dropp’d in as much fpirit of fal- 
armoniac as I guefs’d. would precipitate about half the lead ; and imme- 
diately: ftirring the mixture, well together, I mix d the precipitated parts 
with the others, fothat’ they fell: to the bottom, partly m_ the form of a 
powder, and partly in the ili of a curdled fubitance, that fetain’d, as. 
well as the upper liquor, a bluifh purple colour, fufficiently deep ; and. 
then inftantly pouring in a pretty quantity of fpirit of falt,. the matter 
firft precipitated, was, by the conical figure of the glafs, preferv’d from: 


the fpirituous falt, which fuddenly precipitated upon it a new bed of white 


‘powder, or the remaining corpufeles of the lead, that the urinous {pirit had. 
if . | J : TT pe ior. 


. upon COoLouRs. © OI 
not ftruck down ; fo that there appear’d in the glafs, three diftin& and Puysics, 
very differently colour’d fubftances; a purple, or violet-colour’d precipitate LANA 
at the bottom ; a white and carnation precipitate over that; and, at the th 
cop of all, a tran{parent liquor, of a lovely yellow, or red. th | 

Thus, tho’ to fome, I may feem to have hit on this, and the like expe- 
riments, by chance ; whilft othersimagine they proceed from fome extraor~ 
dinary infight into the nature of colours; yet, indeed, the contrivance of 
them need not to be look’d upon as any great matter, in one who is a 
little vers’d in my notions about the differences of falts, 
43. That the colour of a body may be chang’d by a liquor, which, of Sbanges of co- 


3 ; : ; . lour3 produced i. 
it felf, is colourlefs, provided it be faline, we have already fhewn by a mul-e’dnj septs bee 


titude of inftances; and the thing does not appear ftrange, becaufe faline dys by Ipring- 
particles {wimming up and down in liquors, have been often obferv’d to ~"” 
act powerfully in the production and change of colours: but it has feem’d 
furprizing to many, unacquainted with chymical Operations, that a white 
dry body fhould immediately acquire a new rich colour, upon the bare af- 
fufion of clear {pring water. And yet the way of producing fuch a change 
of colours, may be eafily hit on by thofe who often make folutions of mer~ 
cury. For we.havetry’d, that tho’ by evaporating.a folution of quick- 
filver in Aqua fortis, till the remaining matter began to be tolerably dry, fair 
water, pour’d on thé remaining calx, turn’d it: but a little yellowith ; yet, 
when we took good quick-filver, and three or four timesits weight of oil 
of vitriol, and in a glafs retort drew off the faline menftruum from the me- 
talline liquor, till there remain’d a dry fhow-white calx at the bottom; 
upon pouring on it a large, quantity of fair water, we did, almoft in a 
moment, perceive it to “- to one of the lovelieft light yellows that ever 
we beheld. And the turbith mineral is of a colour not much inferiour to 
this; tho’ it be often made with a different proportion of the ingredients, 
and after a more troublefome manner. But this colour, tho’ fo exquifitely 
fine, and fo greatly wanted by painters, is, I fear, too coftly to be em- 
ploy'd by them, unlefs about curious pieces ; tho’ I do not know how well 
it will agree with every pigment, efpecially with oil-colours. 

And whether this experiment be really of another nature, than thofe 
wherein faline liquors are employ’d, may be fo plaufibly doubted, that 
whether the water pour'd.on the calx, do barely, upon imbibing fome 
of its faline parts, alter its colour, changing its texture ; or whether by 
diflolying the coagulated falts, it becomes a faline menftruum, and, as 
fuch, operates upon the mercury, I leave to be confider’d. I have, how- 
ever, feveral times, with fair water, wath’d from this calx abundance of 
dtrongly-tafted coxpufcles, which, by the abftraCtion of the menftruum, I 
could, reduce into falt. © | 

But, to fhew how mucha real.and permanent colour may be. call’d out 
by a liquor that has neither colour, nor fo much asfaline, or other active 
parts ; provided it can but bring the parts of the body it imbibes, to convene 
into cluiters, difpos'd after ,a particular manner, we made the following 


experiment. 
N23 44. We. 
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Puysics. 44. We put fome powder of good common vitriol into a crucible,!' and 
! kept it melted in a gentle heat, till, by the evaporation of fome parts, and 
Th pend 3y the tran{pofition of the reft, it had quite loft its former colour-; what re- 
coerent main’d we took out, and found it to be a friable calx, of a dirty grey 
darks colour : on this we pour’d fair water, which it did not tinge either green 
or blue, but only feem’d to make a muddy mixture with it ; then {topping 
the vial wherein the ingredients were, we let it ftand in a quiet place for 
y fome days. ‘The water having now diffolv’d a large part of the imperfectly 
calcin’d body ; the vitriolic corpufcles fwimming to and fro in the liquor, 
had time, by their occurfions, to conftitute many little mafles of vitriol, 
which gave the water they impregnated, a fair vitriolic colour ; and this. 
liquor being pour’d off, the remaining dirty powder, in time, communica- 
ted the like colour, but not fo deep, toa fecond parcel of clear water, . 
that we pour’d on it. 
Farions colours 45. Itmay contribute to fhew how much fome coloursdepend upon the - 
Caseig xs lefs or greature mixture, and contemperation of light with fhades, to ob- 
the fame liquors ferve how the number of particles of the fame colour, either receiv’d into - 
the pores of a liquor, or {wimming up and down in it; may feem greatly 
to vary the colour of it. I could: produce feveral inftances: of - folid . 
bodies, wherein, if the colour be not alight one, as white, yellow, or the - 
like, the clofenefs of parts in the-pigment, makes: it look’ blackifh-; tho’ 
when laid on but thinly, it will, perhaps, appear blue, green, or red: 
but I fhall rather infift upon liquors, than dry bodies. 
If, then, you put alittle fair water into a-clear flender vial, and let fall into | 
it a few drops of a ftrong decoétion, or infufion, of cochineal, gr of brazil, - 
the ting’d drops willdedcend like little clouds into the liquor, thro’ which, 
if by fhaking the vial, you diffufe them, they will turn the water- of a 
pink colour ; by dropping in a little more of the decoétion, you may 
heighten the.colour into a fine red, almoft like that of rubies ; and by 
continuing the affufion, the liquor may be brought to a kind of crim- 
fon, and afterwards to. a dark opake rednefs. And whilft the li+ 
quor pafles from one of thefe colours to the other, you may obferve . 
many lefs noted colours, bordering upon red, to which it is. not 
eafy to aflign names ; efpecially confidering how much the proportion of | 
the decoction to the fair water, and the ftrength of that deeoétion; may, 
with other circumftances, vary the phenomena of this-experiment.: But, 
to make: it with the greater conveniency, we ufe, inftead of a -vial, a 
flender pipe of glafs, of about a foot in length, and about the thicknefs 
_ ofa man’s little-finger: for, if leaving one end of this tube open, you 
, feal up the other hermetically, or otherwife exa@tly ftop it, you have a~ 
glafs, wherein may be: obferv’d, the variations of the colours of liquors, 
much better than in large vials; and wherein: experiments of this 
nature, may be made with very {mall quantities of liquor. And in 
this pipe, may be produc’d various colours, in the various parts of the 
liquor, and be kept long fwimming upon one: anether, unmix’d. 
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It has excited: the admiration of fome perfons to fee whata variety.of Pyysres. 
colours:we havefometimes produced in fuch glafies, by the bare infufion UAW. 
of brazil,.varioufly diluted with fair water, and altered by the infufion of Ri 
feveral.chymical {pirits, and other faline colourlefs liquors ; and when the” 
whole mixture is reduced to an uniform degree of colour, I have made it 
appear to be of colours gradually differing, by pouring it into glafles of a 
conical figure. Or even take a large round vial, fill ic with the red infufion 
of brazil, hold it againft the light, and you will difcern a notable diffe- 
rence betwixt the colour of that part of the liquor which is in the body 
of the vial, and that which is mote pervious to the light, in the neck. 

I once had a glafs, and a blue liquor, which was chiefly a certain. fo-.- 
lution of verdigreafe, fo fitted, that tho’ in other glafles the experiment 
would not fucceed; yet when this particular glais was filled with that . 
folution, it appeared in the body of the vial of a lovely blue, and in the ~ 
‘neck of a manifeft green. I had alfo, a broad piece of glafs, which 
being viewed againft the light, feem’d clear enough; and, held from the: 
light, appeared very little difcoloured : yet it was a.piece knock’d off from : 
a great lump of glafs, to which if we rejoin’d it, where it had..been bro- - 
ken off, the whole mafs appeared green as gra{s.. 

I have, likewife, feveral times ufed bottles and ftopples, both made of the - 
very fame metal’; and yet whilft-the. bottle appeared only inclining to 
green, the {topple was of fo deep a colour, that it could hardly be thought - 
poflible they fhould be the fame materials. And I have by me a-flat.. 
glafs, on which, if I look againft the light with the broad fide -obyert= 
‘ed ‘to my eye, it appears like a good ordinary window-glafs; but if I. 
turn the-edge of it to my eye, and ftand.in a convenient pofition, with re= - 
gard to. the light, it emulates an emerald. | | 

[have fometimes made a fluid kind of pigment, which, dropped .on a~ 
piece of white paper, appears, where any quantity of it falls, of a 
orimfon colour ; but, being fpread thinly on the paper, prefently exhibits - 
a-fair green. ‘ 

Let me add, that having made many. experiments. with that-blue fub- - 
ftance, called. by the painters litmafe; we have fometimes obferved, that . 
‘being diffolved in:a due proportion of fair water, the folution, either op- 
pofed to the-light,..or dropped. upon white paper, appeared of a deep.. 
colour, betwixt crimfon and purple; yet, when {pread very thin on the-~ 
paper, and fuffered.to-dry there, the paper was thereby ftain’d of a fine 
blue. This experiment alfo fucceeded, when made on a flat piece of pure 
white glazed earth. And having let. fall a few drops of the frong infu- 
fion of this litmafe, in fair. water, into a fine .cryftal glafs, fhaped like an | 
inverted cone, and almoft fill’d with clear water; I had the. pleafure to. 
fee thefe few'tinged drops, varioufly. difperfing themfelves thro’ the lim- 
pid water, exhibit many .colours, or varieties of purple and crimfon. 
But when the corpufcles.of the pigment feem’d.to have equally diffufed 
themfelves thro’ the- whole; by adding to it two or three drops of fpirit of : 


falt, we perceived it firft made an odd change in the colour of ‘the liquor, . 
as 
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Puysics. as 


ASVN changed it wholly into a very glorious yellow, like that of a'topaz. After 
this, if I let fall a few drops of a ftrong heavy folution of pot-athes, 


whofe weight would quickly fink it to the fharp bottom of the glafs; there — 


would foon appear four very pleafant and diftiné colours: viz. a faint 
“bright one, at the fharpeft part of the glafs; a purple, a little higher ;.a 
deep and glorious crimfon, in the confines betwixt the purple and the yel- 
low ; and an excellent yellow, the fame that before adorned the whole li- 


quor, reaching from thence to the top of the glafs. And if I poured, very — 


gently, a little fpirit of fal-armoniac upon the upper part of this yellow, 
there would alfo arife there a purple, or a crimfon, or both; fo that the 


unaltered part of the yellow liquor appeared intercepted betwixt the two - 


neighbouring colours. Hence we need not be furprized at the; tricks of 


thofe mountebanks, who are commonly called water-drinkers. For tho’: 


not only the vulgar, but many perfons far above that rank, have won- 
dered to fee a man, after drinking large quantities of fair water, return 
it in the form of claret, fack, and milk; yet having by chance had occa- 
fion to oblige a wanderer, who made a-profeffion of this, and. other 
juggling tricks, he ingenuoufly confeffled to me, that the art confifted rather 
in a few tricks than any great skill in altering the nature and colours of 
things. And I fufpeét there may be a great deal of truth in a little 
pamphlet, printed long ago in Exgl(b; wherein the author undertakes to 
difcover, from the confeffion of fome of the accomplices themfelves, that a 
famous water-drinker, then much admired in Exgland, performed his 
pretended tranfmutations of liquors by the help of two or three inconfi- 
derable preparations and mixtures of obvious fluids; and chiefly of an 
infufion of brazil varioufly diluted and made pale, yellowifh, Oc. with 
vinegar. And, for my part, what moft furprizes me in this affair, is, that 
the drinkers can take down fo much water, and {pout it out again with 
violence ; tho” cuftom, anda vomit feafonably taken before-hand, may.in 
fome of them greatly facilitate the work. But as for the changes they 
make in liquors, thofe are but few and flight. } 
ie, a fo 46. Helmout ufed to make a preparation of fteel, which a very ingenious 
ly depend upon Chymift fometimes employs for a Swccedaneum to the {paw-waters; di- 
luting this Effentia Martis liquida, as he calls it, with a due proportion of 


x 


the peculiar tex- 
io water. And tho” this preparation be almoft of the colour of a Germaz 
amethyft, and confequently remote from-green ; yet a very few drops of it 
being let fall into a large proportion of Rhewi(b, or white-wine, it immediate- 
ly turns them toa lovely green. By which phenomenon we may learn how 
requifite it is in experiments, about the changes of colours, carefully to 


regard the cireumftances of them; for water will not, asI have purpofe-. 


ly try’d, concur to the production of any fuch green ; nor did it give 
that colour to moderate fpirit of wine, wherein I diflolved it: and wine 
itfelf isa liquor that few would fufpect able, of a fudden, to work any 
‘fuch change in a metalline preparation of this nature. Amd to datisty 


myfelf that this new colour proceeds rather from the peculiar texture of 
the 


wellas a vifible commotion among its {mall parts, and in a fhort time 


“ 
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the wine, than from any greater acidity that Rhenif>, or. white-wine Puysics, 
has, in comparifon of water; Ifharpened the folution. of this eflence in LAS 
fair water, with a large quantity of {pirit of falt; and then the mixture | 
acquired no greennefs. 

‘Tovary the experiment.a little, I try’d, thatif into fome Rhexifh wine 

made green by this effence, I dropped an alkaline folution, or urinous {pi- 
rit; the wine would. prefently grow turbid, and of an odd dirty colour. 
But if, inftead of diflolving the effence in wine, I diffolved it in fair water, 
fharpen’d with a little {pirit of falt ; then either the urinous {pirit of fal- 
armoniac, or the folution of the fixed. falt of pot-athes, would immediately 
turn it of a yellowifh colour ; the fixed or urinous falt precipitating the 
vitriolic fubftance contained in the effence. And. as our effence imparts a. 
greenne{s to wine, but not to water ; Olaus Wormius tells us of a ‘rare 
kind of turn-fol he had, whofe beautiful rednefs would be eafily commu- 
-nicated to water, but fcarce to wine, and not at all to f{pirit of wine: in 
which laft circumftance, it agrees with our eflence, tho’ they difagree in’ 
other particulars. : | 

47. I have often’ taken ‘notice, that. ‘metals, .as they appear to the The diferent 

. “ys : colours of metals. 

eye, before they come to be altered by other bodies, exhibit colours VEXY in diferent. 
different from: thofe which the fire, or a menitruum, either feparately or States. 
conjointly, produce in them; efpecially confidering, that thefe metalline. 
bodies are; after all their difguizes, reducible not only to their former - 
confiftence, and other more effential properties, but to their colour too; 
as if nature had given them an external and an internal colour.. But, upon 
a more attentive confideration of this difference of colours, it feems probable 
‘tome, that many of thofe we call internal, are rather produced by- the 
coalition of metalline particles with thofe of the falts, or other bodies 
employ’d to work on them, than by the bare alteration of, the parts of 
the metals themfelves.’ Of thefé adventitious colours of metalline bodies, 
the chief forts feem:to be three’; viz. fuch as ave produced by the fole 
attion of the fire ; fuch as emerge from the coalition of metalline par- 
ticles, with thofe of fome menftruum employ’d to corrode, or precipitate 
the metal; and, laftly, the colours afforded’ by: metalline bodies, either 
_ melted with, or otherwife-penetrating into, others, efpecially fuch as are 
fufible. to sedbirntio: der: eye rm 
As to the firft of thefe> colours; ’tis well known to chymitts, that 2 
tin calcined: by fire alone, affords a white calx; and lead; by the fame 
means, yields.that common red powder we call Minium; copper alto, cal- 
emed per fe, by along or violent fire, gives a very dark or blackifh 
powder; iron, likewife, may, bythe ation of reverberated flames, be 
turn’d into ‘a colour almoft like that» of faffron, as we fee in the prepa- 
ration of Cracus Martis per fe; and mercury, by the power of fire; will. 
be turn’d into a red powder, cali’d precipitate per [e. patsy 

Befides, the fame metal may, by the fucceflive operations, of the fire;: 
receive feveral adventitious colours; as 1s eviderit in lead, which, before~ 
It arrives. at.fo.deep a colour as.that of Minium, may, pafs. thro’ feveral 
others. Rr ¢ * Not 
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Puysies. And, not only the Calces, but the glaffes of metals, vitrify'd per fe, may have 
w/Vr colours different from the obvious or natural colours of the metal; as I 
thave obferved in the glafs of lead, made by long expofing that metal crude _ 
to a violent fire. I have likewife feen a piece of very dark glafs, which an 
4ngenious artificer, who fhewed it me, profefled he made of filver alone, 
by an-extreme violence of the fire. | | 
~ SMinerals alfo, by the ation of the fire, may be brought to afiord co- 
Jours very different from their own ; as was obferved about the va- 
-rioufly coloured flowers of antimony. ‘To which we may add, the whitifh 
grey colour of its calx, and the yellow or reddifh one of the glafs, into 
which that calx may be fluxed. And vitriol, calcined with a very gentle 
“heat, and afterwards with higher degrees of it, may be made to pais 
thro’ feveral colours, before it defcends to a dark purplifh one, whereto 

~a Strong fire will at length reduce iti he 
4%. [he adventitious colours produc’d in metals, by faline liquors, are 
many of them, well known to chymifts. That gold, diffolv’d in Agua 
yegid, communicates its own colour to the menftruum, is a common ob- 
fervation ; but the folutions of mercury, in Aqua fortis, are not generally 
obferv’d-to -give any notable tin€ture to the menftruum ; tho’ fometimes, 
when the liquor firft falls upon the quick-filver, 1 have obferv’d a very — 
semarkable greennefs, or bluenefs tobe produc’d. Tin, corroded by Aqua 
fortis, till the menftruum will work no farther on it, becomes exceeding 
‘white ; and eafily, of it felf, acquires the confiftence not of a metalline 
calx, but of a coagulated matter, fo like either to curdled milk, or 
curdled whites of eggs, that a perfon unacquainted with fuch folutions, 
might eafily be miftaken in it. But when I purpofely prepar’d a men- 
ftruum that wou’d diflolve it, as Aqua fortis diflolves filver, not barely 
corrode it, and quickly let it fall again; I remember no particulax co- 
Jour in the folution : asif the more whitifh metals did not much tinge their 
menftrua, tho’ the high=colour’d ones, as gold and copper, do. For lead 
diffolv’d in fpirit of vinegar, or Aqua fortis, gives a clear folution : and, 
if the menftruum be abftraéted, appears either diaphanous, or white. And 
*tis worth noting, that tho” when iron is diffolv’d in oil of vitriol, diluted 
with water, it affords a falt, or magiftery, fo like in colour, as well as 
fome other qualities, to green vitriol, that chymifts properly call 
it, Vitviolum Martis; yet, by changing the menftruum, and pouring 
upon the filings of fteel, Aqua fortis, inftead of oil of vitriol, I ob- 
tain’d not a green, but a faffron-colour’d folution, or rather a thick li- 
quor, of ‘a deep yellowifh red. Common filver, diflolv’d in Aqua fortis, 
yields a folution ting’d like that of copper ; which is not to be wonder'd 
at, becaufe, in coining filver, they give it an allay of copper ; and what is 
fold for refin’d filver,is not fo perfectly free from that ignobler metal, .but 
that a folution.of itin Agua fortis will give its tinéture to the menftruum. 
But we could not obferve, upon the folution of fome filver perfectly refin’d, 
that the menftruum, tho” held -againft the light, in a cryftal vial, manifeftly 
-difclos’d. any tin@ture ; only it fometimes feem’d not quite deftitute of a 
very faint bluith caf. But 
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__ But, of all the metals, there is not one which fo eafily and conftantly Puysrcs: 
difclofes its colour as copper. For, in acid menftrua, as Aqua fortis, and \f 


ipirit of vinegar, it not only gives a bluifh green folution ; but if it be aj- 
moft any way corroded, it appears of one of thofe two colours. And fo 
conftant is the difpofition of copper, notwithftanding the difguize artifts put 
upon it, to difcover its colour, that we have, by forcing it up with fal- 
armoniac, obtain’d a fublimate of a bluifh caf. “Nay, a famous chymift 
affirms, that the very mercury of it is green ; but till he teaches us an in- 
telligible way of making fuch a mercury, we muft content ourfelyes 
to fay, that we have had a cupreous bod precipitated out of a diftili’d 
Jiquor, which feem’d to be the fulphur of that metal, and even when 
flaming, appear’d of a greenifh colour.’ And, indeed, copper is a metal 


fo eafily wrought upon, by liquors of feveral kinds, that, I might fay, 


1 know not any mineral which concurs to the produétion of fuch a variety 
of colours, as copper diffolv’d in feveral menftrua, vz. {pirit of vinegar, 
Aqua fortis, Aqua regia, fpirit ofnitre, of urine, of foot, oils of feveral kinds, 
‘Oc. ifthe variety of them were not comprehended within the limits of 
‘greenifh blue, or bluifh green. | | eet 

But being defirous to try if I could not with crude copper make a 
green folution, without the bluifhnefs that ufually accompanies it, F 
concluded upon two menftrua, which, tho’ I had not known employ’d:-to 


work on this metal, prov’d fuccefsful ; the one was {pirit of fugar, and— 
the other, oil, or {pirit of ‘turpentine; which affords a fine green folutiony 


ufeful on feveral occafions. And yet'to thew that the adventitious coo 
lour may refult as well from the true and permanent copper it felf, as 
the falts wherewith “tis corroded ; if you take a piece of good Dantzick 
copperas, or any other vitriol wherein-copper is predominant, and having 
moiften’d it with fair water, rub it upon a bright piece of iron, or feel 3 
it will (as we have formerly faid) prefently fain it with a reddith colour, 
like that of copper. 

We have fometimes try’d what ‘colours fuch minerals as tin-glafs, 
antimony, {pelter, Oc. would yield in feveral menftrua. The like we have 
alfo done with ftones ; among which, ‘that famous one call’d by Helmout, 
Paracelfus's Ludus, has afforded in menftrua able to diffolve fo folid 
ftone, fometimes a yellowifh, and fometimes'a red folution: And froin mi 
nerals 1 have obtain‘d, with feveral menftrua, very different colours ; and 
fome fuch, as, perhaps, would fearce be expected from fuch ‘bodies. 

The ‘colours of ‘metals may, in many cafes, be further alter’d, by em- 
ploying either precipitating falts, or other convenient fubftances, to aét 
upon their folutions. If quick-filver be diffolv’d in Aqua fortis, and preci- 
pitated out of the folution, either by water impregnated with fea- falt, or 
the fpirit of that concrete, it falls to the bottom inthe form of a white pow- 
der; but if precipitated with an alkali, it affords a yellowifh powder: and 
if no precipitation be made, and the menftruum be drawn off with a con- 
venient fire, the corroded mercury will remain at the bottom, and may be 
made to appear of different colours, by different degrees of heat. 
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Thus having abftra@ted, Aqua fortis from fome quick-filver that we had’ 
diffolv'd in it, till there remain’d a white calx: by expofing that to feveral. 
degrees of fire, and afterwards to a naked. one, we obtain’d fome new 
colours ; and at length, the greateft part of the calx lying at the bottom 
of the vial, and being brought partly to a deep yellow, and partly toa 
red colour, the reft appear’d elevated to the top and neck of the vial; fome 
in the form of a reddifh, and fome of an afh-colour’d fublimate. . And 
even the fuccedaneum to a menftruum, may fometimes ferve to change the 
colours of a metal. ‘The lovely red, which painters call vermilion, is made 
of mercury, which appears of the colour of filver ; and of brimftone, which. 
refembles that of gold, fublim’d up together in a certain proportion. 

49. ‘The third of the principal kinds of adventitious colours in, metals,, 
is that produc’d by affociating them, efpecially when calcin’d with other 
5 A bodies, and efpecially Venice, and other fine colourlefs forts of’ 

lais. : 
I formerly gave an example of a, metal, imparting a colour to glafs,. 
very different from its own, in fhewing how filyer turns. it to a lovely 
golden colour ; I fhall how add, that tho’ I learn’d from one: of the chief 
artificers in painted glafs, that thofe of his trade colour it yellow, with a 
preparation of the calx of filver; yet, having mix’d a few grains of 
thell-filver, fuch as is employ’d with the peneil and pen, with a conye- 
nient proportion of powder'd cryftal-glafs, and kept them for two or- 
three hours in fufion, I was furpriz’d to find the melted mafs appear, | 
upon breaking the crucible, of a lovely fapphirine blue: which made me 
fufpect my fervant might have brought me a wrong crucible ; but he 
eonftantly afirm’d it to be the fame wherein the filver was put ; and. 
confiderable circumftances countenanc’d his affertion: whence, till farther 
trial, I fufpect either that filver, which is not very probable, brought to a» 
perfect fufion with glafs, may impart other colours thereto, than when neal’d « 
upon it; or elfe, which. is lefs unlikely, that tho’ filver-beaters ufually. 
chufe the fineft coin they can get, as that which fpreads moft under the - 
hammer; yet the leaf-filver, whereof this fhell-filver was made, might: 
rena fo much copper, as to give the predominant tinéture. to the: 

afs. 
: Take it, as another inftance of the adventitious colours-of metals, that’ 
tho’ copper, calcin’d per fe, affords but a dark and bafely colour’d calx, 
yet the glafs-men tinge their glafs green therewith. And, I remember, . 
when taking fome crude copper, and by frequent ignition, and quenching — 
it in water, till we had reduced it to a darkith-colour’d powder ; _ 
and afterwards keeping it in fufion in about a hundred times its:weight:, 
of fine glafs, we obtain’d a blue-colour’d mafs, which: wou’d, perhaps, 
have been green, if we had hit upon the right proportion of ‘the materials, 


the degree of fire, and the time wherein it ought to be kept in fufion. 


But tho’ copper thus gives. fomewhat near the like colour to glafs, that it 
communicates to Aqua fortis; yet it feems worth inquiring, whether thofe. 
new colours, which mineral bodies difclofe in melted glafs, proceed. ne 

| | the 
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the coalition of the corpufcles of the mineral with the Particles of the 
glafs, or from the action of. the alkaline falt (a principal Ingxedient 
of glafs) upon the mineral body; from the concurrence of both thefe 
cautes, or from any other. 

We may obferve, that putty, made by calcining together a proportion 
of tin and lead, as it is itfelfa white calx; fo jt turns the matter of the 
purer fort of glafs, wherewith it is melted, into a white mafs ; which, if it 
prove opake enough, is employ’d for white amel. : | 
When the materials of glafs, melted with calcin’d tin, have compo 
fed an opake white mafs; *tis made the bafis of all thofe. fine con- 
éretes the goldfmiths, and feveral artificers employ in the curious art of 
enamelling : for this white, fufible fubftance receives and preferves the 
colours of many other mineral fubftances, which, like it felf, will endure 
the fire. ae : 

And, asit appears, that feveral minerals will impart to fufible maffes, 
‘colours different from their own-; fo, by the making and compounding of 
-amels, it is. manifeft, that many bodies will both retain their colour in the 
fire, and impart the fame to fome others wherewith they were vitrify’d. 
‘Thus we formerly faw, that a blue and yellow compofed a green amek 
And ‘tis pretty tofee, that fome colours are of fo fixed a nature, as to be 
capable of mixture, without receiving any damage from the fire; and 
that mineral pigments may be mix’d by it, almoft as regularly and fuc- 
-cefsfully asthe vulgar colours, by the help of water, ‘in the vats of 
-dyers. , 7 : Ue 

Both metalline, and other mineral bodies, may be employ’d ‘to give tine 
‘tures to glafs ; and *tis worth obferving, how {mall a quantity of fome 


mineral fubftances. will. tinge a comparatively vaft proportion of it, — 


‘We have fometimes' attempted to colour glafs ever: with precious ftones ; 
and.had no caufe to think the experiment ill beftow’d. ’Tis known that 
the artificers in glafs tinge their metal blue, with that dark mineral, zafiora, 
‘which fome would have to bé a mineral earth ; others, a ftone ; and others, 


again, neither ; but it is confefledly of a dark, not a blue colour. Lise 


jikewife, a remarkable practice among them, that they employ manganefe 
to exhibit in glafs, not only othercolours than its own, (wherein it is fo 
like to the load-ftone, thatit is given by mineralifts for one reafon of its 
Latin name Magnefia) but colours different from one another : for tho’ they 
ule it to clarify their glafs, and free it from that bluith greenifh colour, 
which it wou’d otherwife be fubject to ; yet they alfo employ it in cer= 
‘tain proportions, to tinge their metal, both with a red colour, and with a 
purplith, or murrey ; and, by putting in a greater quantity, ' they alfomake 
with it that deep obfcure glafs, which setts for black. And this agrees 
very well with what we formerly obferv’d of the apparent blacknefs of 
thofe bodies that are over-charg’d with the corpufcles of fich pigments, as 
are red, blue, green, Wc, | he 
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And as by feveral metals, and other minerals,-we can give various oo- 
lours to glafs ; fo, on the other hand, from the different colours that mineral’ 
ores, vor other mineral powders, by being melted with glafs, difclofe 
therein, a probable conjecture may be often made of the metal, or know1rr 
mineral, that a propos’d ore either contains, or is neareft allied to: 
And thiseafy method of examining ores, may, in fome cafes, prove very 
ferviceable ; but great circum{pection is requifite to keep it from proving 
fallacious, upon account of the variations of colour, producible by the diffe- 
rent proportions that may happpen, betwixt the ore and the glafs ; by the 
richnefs and poornefs of the ore it felf; by the degree of fire ; and efpeci-. 
ly by the length of time, during which the matter is kept in fulion.’ > 

‘There is another way, different from thofe already mentioned, whereby 
metals may be brought to exhibit adventitious colours. And, in this cafe, 
the metal does not fo much impart a colour to another body, as receive: 
one from it; or rather, both bodies, by the new texture refulting fronr 
their mixture, produce a new colour. I will not here infift upon the ex- — 
amples afforded us by yellow orpiment, and’ common fea-falt ; from: 
which, fublimed together, chymifts unanimoufly affirm their white or 
cryftalline arfenic to be made: but *tis worth noting, that tho’ yellow 
orpiment be acknowledged by far the moft predominant of the two ingre- 
dients of arfenic ; yet arfenic, duly added to the higheft coloured metal, 
copper, when in fufion, gives it a whitenefs both within and without, 
Thus, alfo, Lapis Calaminavis changes and improves the colour-of’ copper, 
by turning it into brafs. And I have fometimes, by the:help of zink, due: 
ly mixed after a certain manner, given to copper as rich a golden colour: 
as ever I faw in the beft true gold. | ) 

Upon knowing the different methods. of producing the adventitious co-=- 
lours of metals and minerals im bodies: capable of vitrification, depends 
the pretty art of making counterfeit gems: for whilft pure fand,’ or-cale 
cined. cryftal, gives the body in their preparation ; “tis, for the ‘moft part,’ 
fome metalline or minerak calx, mixed ina {mall-proportion with it, that’ 
gives the colour.’ Calcined lead, fufed with fine white fand, or cry. 
ftal, reduced: by ignitions and fubfequent extinctions -in water, toa fub=" 
tile powder, will, of itfelf, be brought, by a due: decoétion, to give a- 
clear mafs, coloured. hke a German amethyfti But this colour ‘may be’ 
eafily over-powered by thofe of feveral other mineral pigments, fo that with- 
a glafs of lead you may emulate the frefh and lovely green of an:emerald’s 
tho’, in many cafes, the colour which the lead itfelf, upon vitrification; 
tends to, may vitiate that of the pigment defign’d to appear in the mafs. 
Thefe colours alfo depend fo much upon the texture of the-materials, that 
we have made the glafs of lead itfelf;. compofed .of about three parts of 
jitharge, or Minium, fufed with one of cryftal, or fand, very finely pow- 
dered, pafs thro’ different colours, according as we kept it more or lefs 
in fufion. But the degrees of coétion, and other circumftances, may fo 
vary the colour produced, that, in a fmall crucible, I have had frit 
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ments.of-the fame mafs ; in fome of which, perhaps, not fo bit as. a havele. Puverce: 
nut, four diftinct colours might be nilceseds is Basa hazel P pei 

Befides. the three mentioned forts of adventitious colours in metals. : 
there may: be others:reducible under the fame head ; of which. I thal] in. 
ftance only.in.two. : : 

The firt is afforded. us from the practice of fearlet-dyers. A moft: fae. 
mous mafter in this art affured:me, that neither he, nor others, can. 
firike the lovely colour, called the bow-dye, unlefs their materials be. 
boiled in veflels of a particular. metal. Secondly, metals will afford un- 
common.colours, by. imbuing feveral bodies with folutions of them, made: 
in proper menftrua. Thus, tho’ copper, plentifully diffolved in Aqua. 
fortis, will communicate to feveral bodies the colour of that folution 3 yet. 
_ fome other metals will not ; as I have often try’d. Gold, diffolved in Aqua. 
vegia, dyes the nails and skin, the hafts of knives, and other things made 
of ivory, not with a yellow, but a purple colour ; which, tho’ it manifett 
itfelf but flowly, is very durable, and ea ever be wafhed out... 
‘Thus we formerly faid, that the purer cryftals of fine filver made: with - 
Aqua fortis, tho” they appear white, will prefently dye the skin and nails of | 
a black, not to be wafhed off like ordinary ink... And many other bodies . 
may, in the fame manner, be dy’d, fome.of.a-black, and. others. of a. 


blackifh colour. 

Mineral folutions, alfo, may produce colours:.different from thofe of Méxeral folus—\ 
the liquors themfelves. I. fhall not fetch an example of this from what sdow difeee 
happens in the falting of beef, which oftén:appears green, and. fome-from-their cum. 
times of a reddith colour, when boil’d ;. nor: fhall I infift on the-pra@tice - | 
ef. giving, by falt-peter, and a certain proportion of common falt, a fine 
rednefs to fuch flefh as would otherwife appear purely white: I rather 
chufe-to fay, that I have feveral times found ‘a folution of the fulphur of ’ 
vitriol, or even of common -fulphur, tho’ the liquor appeared clear, imme-- - 
diately to tinge a piece of new coin, or-other clean filver, fometimes with - 

a golden, fometimes with. a deeper, and more reddifh colour ; according - 
to the ftrengthof the folution, and.the quantity of-it, that chanced to ad- 
here to the metal... This renders it the lefs furprizing, that the water of | 
the hot {pring at Bath, abounding with diffolved.fubftances of ‘a very ful- . 
phureous nature, fhould, fora while, tinge fuch pieces of coin yellow, as~ 
are.for a due time immerfed in it. And even vegetablé liquors, whethar- 
by degeneration, or by: altering the texture of the body that imbibes 
them, may ftain. other fubftances with colours very different from their 
own, “lis affirmed, that the-green juice of A/canna dyes the skin and. 
nails of a lafting red. : \ _ 

50. Meeting, in.an Ztalan author, with a-way of preparing what he The method of: 
calls. a Lacca of vegetables, by which the J:aliaus mean a_kind of extraat dpemegsnetel ae 
fit-for painting, like that rich Lacea,. in Englifh commonly. call’d lac, em- 
ploy’d by, painters as a glorious red; and finding the experiment confide- 


table, but very imperfecily related, we improved upon it in the following . 
| manner 3 
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Prystcs. mater: tho’ the thing, as there delivered, is, by the Italians, efteem’d a 


~s 
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Put what quantity of powdered turmeric you pleafe into fair water ; 
-adding to every pound of that liquor a large fpoonful of a very ftron 


ixivium of pot-afhes, clarify’d by filtration ; let all this fimmer over a foft- 


fire in a clean glazed earthen veffel, till you find, by the immerfion of a 


_fheet of white paper, that the liquor is fufficiently impregnated with the 


golden tin€ture of the turmeric: then take the decoétion off the fire, and 

Itre or ftrain it; and afterwards, leifurely dropping into it a ftrong fo- 
-Jution of roch-alum, the decoétion will, as it were, be curdled ; and the’ 
.tinged part of it either emerge, fubfide, or {wim up and down in little 
yellow flakes: when, if you pour this mixture into a funnel, lined with 


~cap-paper, the liquor that formerly ‘filtred yellow, will now pafs clear, 


and leave its tinged parts behind in the filtre ; into which fair water muft’ 
-be fo often poured, till the matter therein contain’d be dulcify’d ; that is, 
till the water paffes thro’ it, as taftelefs as when it was poured on. But 
if, without filtration, you would obtain the flakes of this vegetable lac, 
pour a large quantity of fair water upon the decoétion, after the affufion 
of the aluminous folution; and you fhall find the liquor to grow clearer,’ 
-and the lac to fettle together-at the bottom, or emerge to the top of the” 
water: tho’, fometimes, having not employ’d a fufficient quantity of fair 
water, the lac has partly fubfided, and partly emerged, leaving all the 
liquor clear in the middle. But, to make this lac fit for ufe, it muft, by 
repeated affufions of frefh water, be dulcify’d from the adhering falts, as 
-well as that feparated by the filtrre; and be fpread to dry leifurely upon 
pieces of cloth, with brown paper, chalk, or bricks under them, to imbibe- 
the moifture. | ish 


gal being it Tis fuppofed, that the magiftery of vegetables, obtain’d by this means, ' 
“Joloed by acid, confifts only of the more foluble and coloured parts of the refpettive plant 


58 ae that affords it. ButI mufttake the liberty to queftion the fuppofition ; ° 
obey iff prei-for, according to my notion of falts, alum, tho’ to fenfe a homogeneous © 


afutate ° 


body, ought not to be reckoned among true falts, but is to be look’d upon 
as a kind of magiftery ; fince, as native vitriol contains both a faline fub- 
ftance, and a metal corroded and affociated with it ; foalum, (which is fo — 
‘near allied to vitriol, that, in fome places of Ezgland, the fame ftone will 
fometimes afford both) feems manifeftly to contain a peculiar kind of acid 
fpirit generated in the bowels of the earth, and a kind of ftony matter-dif- 
foived by it. In making our ordinary alum, “tis true, the workmen ‘ufe 
the afhes of a fei lee: vulgarly called kelp, and urine; yet I am in- © 
form’d, that here in Exgland, there is, befides the faétitious alum, ano- 
ther fort made by nature, without the help of thofe additions. Now, 
-confidering this compofition of alum, and that alkaline falts precipitate 
-what acid ones have diffolved ; I could not but fufpeét that the curdled ~ 
-matter, call’d the magiftery of vegetables, may have in it a confiderable © 
sproportion of a ftony fubftance, precipitated out of the alum by the lixi- ~ 
ai | vium 
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vium wherein the vegetable had been boiled. And, to fhew there is no 
neceffity that all the curdled fubftance mutt belong to the vegetable; I took 
a ftrong folution of alum, and having filtred it; by pouring in a convenient 


quantity of a ftrong folution of pot-afhes, I prefently turn’d the mixture 


into a white curdled matter; which, committed to the filtre, left a great 


quantity of a very white ftony calx, that feem’d to be of a mineral na- - 


ture, as well from other figns, as that little bits of it being put upon a live 


coal, they did neither melt, nor fly away, whilft that was blown upon 3». 


and a quantity of this white fubftance, being for a long time kept in a 


red-hot crucible, was neither diminifhed nor {poiled : hot water too, 
wherein I kept another parcel of fuch calx, feem’d only to wafh away the 


Joofer falts from the {tony fubftance. And I have, by gentle exhalation, 
recovered from the liquor that paffed thro’ the filtre, and left this calx be- 


hind, a-body, in appearance like falt ; for ’twas very white, and confifted. 


of innumerable exceeding flender fhining particles, which would, in part, 
eafily melt at the flame of a candle, and, in part, fly away with {cme 


_. hittle noife,. [have likewife, with urinons falts, fuch as the {pirit. of fal- 


armoniac, aswell as with the fpirit of urine, and even with ftale urine 


undiftilled; eafily precipitated fuch a white calx out of'a limpid folution of 
alum. Upon the whole, circum{peétion is required in j udging of the na- - 
ture of aluminous liquors by precipitation ; otherwife, we may fometimes:: 


TO?. 
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imagine that to be precipitated out of a liquor by alum, which is rather: 


precipitated out of alum by the liquor: 


_ This method of making lacs we have alfo practifed with madder, which » 


yielded us a red lac; and with rue, which afforded an extraét nearly of» 
the fame colour with that of its leaves. But, becaufe *tis here, principally, 
the alkaline falt of the pot-afhes, which enables the water fo powerfully . 


to extract the tin€ture of the vegetables ; I fear the decoétion will not al- 


ways be of the very fame colour with the vegetable it is made of. For - 
lixivious falts, tho’, by penetrating and opening the bodies of vegetables,.. 
they prepare and difpofe them to part with their tinture readily ; yet they. 


not only draw: out fome tin@ures, but likewife alter them: as will eafily — 


appear from feveral of the experiments already delivered... And tho’ ” 
alum be. of.an.acid nature, and. may, in fome cafes, deftroy the ad-.. 


ventitious colours produced..by the alkali, and.reftore the former ;. yet we 
have produced examples, that, in many cafes, an acid will not reftore a 


vegetable fubftance to. the colour deftroy’d by an alkaline falt; but. 


make it affume a third, very different from both. Befides, I have, after 


this manner, made magifteries of brazil, of cochineal, and of other things, . 


red, yellow, or green; that appeared, fomerof them, of a rich colour, 
_ andothers of no bad one: in fome, however, the colour of the dae feem'd 
rather inferior to that of the plant; and in others again, both very difte- 
rent, and much worfe. | : 
But ‘tis time to conclude this sketch of a hiftory of colours. 
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I {hall attempt to build no theory * upon the experiments and obferya- 
tions here delivered ; but leave the fubje€t to the profecution of others. 
Tonly make it my requeft, that the reader would not prefently conclude 
me miftaken in giving the matters of fat concerning the changes of 
colours fer down, tho’ he fhould not immediately find them exactly agree- 
able to hisown experiments. For, befides the contingencies to which this 
kind of tryals is obnoxious, the omiffion ‘or variation of a feemingly in- 
confiderable circumftance, may hinder the fuccefs of an experiment, 


“104 
Puysics. 


From the difcoveries of Sir If New- 
ton we may now fettle the whole theory 
of colours; which, as it regards natural 
bodies, is, in fhort, this. 

Firft, ’tis found by experience, that the 


rays of light are compofed of diflimilar 


particles ; that is,-fome of them are, pro- 
bably, larger than others: as appears from 
their different refrangibility. 

‘2. Thofe particles of light which are 
moft refra&ted, make rays of a violet ce- 
four; that is, the moft minute particles 
of light, being thus feparately collected, 
probably excite the fhorteft vibrations in 
the Retina; which are thence propagated 
to the brain, along the folid Capilla- 
menta of the optic nerves, and there 
-excite the fenfe of a violet colour, the 
-‘moft faint and languid of all colours; 
-whilft the particles which are leaft re- 
fra&ed, make a red ray; that is, the 
greateft particles of light make the long- 
eft vibrations in-the Retina; and fo excite 
the fenfation of red, .the moft vivid co- 
Aour:.the other particles, according to 
their feveral-intermediate degrees of mag- 
mitude and refrangibility, exciting the 
etntermediate colours; almoft in the fame 
‘manner as the vibrations of the air, by 
their different magnitudes, caufe different 
Sounds. 

3. The colours of thefe rays are not ad- 
ventitious modifications of them, but ori- 
-ginal, primitive, and neceflary properties, 
‘depending, .probably, upon the magni- 
‘tudes of their parts; and*being conftant 
-and immutable, they are unalcerable by 


_-any farther refraGtion, reflexion, or other |: 


modification whatever. 

4 Aslight is feparated into.rays of dif- 
‘ferent colours by the refractions of a glafs 
-prifm, and other grofs bodies; fo it is dif- 
ferently feparableiby very thin plates of 
any.tranfparent matter: for all {uch plates 


that have lefs than a determinate thick- 
nefs, fuffer the rays of all colours to pafs 
thro’ them, and refle& none: but as their 
‘thicknefs is increafed in an arithmetical 
proportion, they begin to refle@, firft the 
blue rays, then the green, yellow, and 
pure 7 ; next, the blue, green, yellow, 
| and red, more dilute and mixed; till at 
length} at a certain thicknefs, they refle& 
all the rays of light intimately united to- 
gether, as they fall thereon ; that is, 
white. But.en whatever parts thefe thin 
plates refle& any colour, as blue for in-~ 
ftance, they there tranfmit the contrary 
colour; as, in this cafe, a red or yellow. 
5. Now all natural bodies confift of 
very thin tranfparent plates, which being 
fo laid together, that no refle@ions or 
refractions can be made in their intertti- 
ces, the body becomes tranfparent: but 
if the diftances between them are fo great, 
or fill’d with fuch a matter, or are fo 
empty of matter, that many reflexions 
and refractions are made within the bo- 
dy, this body will be opake. And, there- 
fore, thofe opake bodies which confift of 
the thinneft plates, are black ; thofe which 
confift either of the thickeft, or of fuch- 
as differ greatly in their thicknefs from 


one another, whence confequently they 


become fit to reflect all colours, are white: 
but fuch as confit of plates of different in- 
termediate thicknefles, are blue, green, 
yellow, or*red; becaufe they feverally re- 
fle&t the rays of thofe colours more copiou® — 
ly than the other rays, which they either 
inegreat meafure ftifle and abforb, or fome- 
times tranfmit. And hence it is, that iome 
liquors appear red, or yellow, by reflected 
light, but blue by tranfmitted light; and 
that ‘leaf-gold appears yellow by the for- 
mer, but green by the latter, Sr. See 
Clark. Annotat. in Rohault. p..194, 195. & 
Newton. Optic. pe 320323, & alibi pafsim 
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Wherein no other fault has been committed. Thus in dying fearlet, tho? Puysics, 


you fhould fee every ingredient that is ufed about it; tho’ I fhould parti- 
cularly inform you of the weight of each; and tho’ you fhould be prefent 
at the kindling of the fire, and at the increafing and remitting of it, 
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whenever the degree of heat is to be altered 3 and tho’, in a word, you’ 


fhould fee every thing done fo particularly, that you would f{carce har- 
bour the leaft doubt of your comprehending the whole art : yet ifI thould 


not tell you, that the veflels, which immediately contain the tinging ingre~ 


dients, are tobe made of, or lined with tin ; you would never be able, 
by a due obfervance of all the other circumstances, to bring the tinéture of 
cochineal to give a perfect {carlet, 7 
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ceive all other things, as fuch. But this. propenfity, I fear, makes 
us think and {peak of chimerical things, and of negations or priva- 
tions, as of true and pofitive Beings. ; 
We fhould, therefore, be very careful of being infenfibly mif-led. by 
fuch an innate and unheeded temptation to error, as we bring into the 
world with us. And, perhaps, among other particulars, in which this de- 
luding propenfity of our minds has too great an influence ; it may have im- - 
pos’'d on us, in the notion we ufually frame of nature. Now, this notion 
being the fruitful parent of others ; and being fo general in its applications, 
and important in its influence, we ought not over-eafily to admit it : doubt- 
lefs, it moft highly deferves to be warily examin’d, before it be throughly 
entertain’d. | 
The aes T have fometimes ferioufly queftion’d, whether the vulgar notion of nature, 
pod Petip has not been both injurious to the glory of God, and a great impediment 


igion and hi: to the folid and ufeful difcovery of his works. 


tofophy 


: S the human foul is, it felf, a true and pofitive Being, *tis apt to con- 


A free Inquiry, 8c. 109 

For, it feems to detraét from the honour of the great author and €0= Prysics 
vernour of the world ; that men fhould afcribe moft of the admirable things ¥ 
‘to be met with in it, not to him, but to 4 certain nature, which themfelyes 
do not well know what to make of. Tis true, many confefs that this 
nature 1s a thing of his eftablithing, and fubordinate to him; but, tho’ they 
own it, when they are ask’d the queftion, yet there are feveral, who feldom 
or never regarded any higher caufe. And whoever takes notice of their 
way of afcribing things to nature, may eafily difcern, that, whatever their 
words fometimes are, the agency of Godislittle in their thoughts. Doubt- 
lefs, it fhews the wifdom o God, to have fo fram?’d things at firft, that 
there can feldom or never need any extraordinary interpofition of his pow- 
er ; or the employing, from time to time, an intelligent overfeer, to regu~ 
late, affift, and control the motions of matter, 

Ariftotle, by introducing the notion of the eternity of the world, in moft 
men’s opinion, at leaft, openly deny’d to God the produétion of it ; and by 
afcribing the admirable works of the divine Being, to what he calls nature, 
tacitly denies him the government thereof. 

But my opinion hinders me not at all from acknowledging God to be 
the author of the univerfe, and the continual preferver and upholder of it 
(which is much more than the peripatetic hypothefis allows ) for thofe 
things which the {chool-philofophers afcribe to the agency of nature, inter- 
pofing upon emergencies, I afcribe to the wifdom of God, in the firft fa- 
bric of the univerfe ; which he fo admirably contriv’d, that, if he but 
continue his ordinary and general concourfe, there will be no neceffity of 
extraordinary interpofitions : fo that mere matter, particularly determin’d, 
fhall, in certain conjun@ures of circumftances, do all that philofophers 
a{cribe on fuch Occafions, to nature. | 

This notion is more ref{pectful to a divine Being, than to imagine, as we 
commonly do, that he has appointed an intelligent and powerful agent, as 
his vice-gerent, continually to watch for the good of the univerfe in ge~ 
neral, and of the particular bodies that compofe it ; whilit this Being ap- 
pears not to have the skill, or the power, to prevent fuch irregularities as 
often prove deftruétive to multitudes of animals, and other noble crea~ 
tures, as in plagues, O'c. and fometimes prejudicial to greater portions of 
the univerfe, as in earth-quakes, Oc. an 

But farther, whilft men indulge themfelves fo general and eafy a way 
of folving difficulties, as to attribute them to nature ; fhame will not reduce 
them toa more induftrious fearch after the reafons of things ; nor curiofity 
it felf greatly move them toit. Thus the caufe of the afsent of water in 
pumps, and other phenomena of that kind, had never been known, if the 

moderns had acquiefced in that imaginary one, that the world was govern’d 
bya watchful Being, call’d nature, who abhors a Vacuum ; and ‘confequent- 
ly is always ready to do whatever is neceflary to prevent it, 
nd the veneration men commonly have for what they call na= 
ture, has obftru€ed and confined the empire of man oyer the inferiour 


creatures. For many have look’d upon it as impoflible to compafs, and 
hegre: ; others, 
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Puysics. others, as impious to attempt, the removing thofe boundaries which nature 
ZY feems to have fettled among her productions. And whilft they look upon 
her as fuch a vencrable thing, fome make a {cruple of confcience to-en- 
deavour fo to imitate any of her works, as to excel them. | 

Twill here, I doubt not, be faid, that I contradict the fenfe of the ge-- 
nerality of mankind: I anfwer, that in philofophical inquiries, we are not 
{o follicitous about what has been, or is believ’d, as what ought to be; and 
certainly the fenfe of the generality of men, ought little to {way us in fome 
particularqueftions. But “tis no wonder men fhould be generally prepoi- 
fefs’d with fucha notion of nature, as I call in queftion; fince education 
has imbued them with it from their infancy: and even in their matu- 
rer years, they find it taken for granted, and employed by the moft 
learned writers, and never hear it call’d in queftion.. Befides, it exceed- 
ingly complies with our innate propenfity, to think that we know more 
than we do: to vouch nature for a caufe, is an expedient, that can fcarce 
be wanting upon any occafion, to be produced as a reafon for any thing 
we are ignorant of. | | | 

But to talk of athing asa real and pofitive Being, and attribute great 
matters to it, weighs but little with me, when I confider, that, tho’ fortune be 
only a certain loots and undetermin’d notion, which a modern metaphyfician 
would refer to the clafs of non-entities ; yet not only the Gentiles made 
it a goddefs, whom many of them ferioufly worfhipp’d, but eminent - wri- 
ters, both heathen and chriftian, ancient and modern, and all forts of men, 
in their common difcourfe, ferioufly talk of it, as of a kind of antichrift, 
that ufurped a great fhare inthe government of the world ; and afcribe little 
lefs toit, than to nature. And to pafs over what poets, moralifts, and 
divines tell us of the powers of ignorance and vice, which are but moral 
defects; the generality of mankind ferioufly attribute a great and fatal 
dominion to death; which, tho’ faid to do fo many and fuch wonderful: 
things, is neither a fubftance, nor a pofitive entity, but a mere privation. 
As Ee revelation, it countenances no fuch notion as that vulgarly receiv’d: 
of nature: the word is not once mention’d in {cripture ; no, not by Mofes, 
in his account of the creation. And, indeed, till the J/raelites were over- 
run, and corrupted by idolatrous nations, there was, for many ages, a deep 
filence as to fuch a Being. | | 
" "Phere are two things whereof I muft advertife the reader, before I 
proceed farther. 

1. That when, in the prefent difcourfe, I {peak of the opinions of Ari- 
frotle, 1 mean thofe that are by the generality of {cholars taken for his, or. 
the Ariftotelian and Peripatetic doctrines ; by which, if he be mif-reprefented,._ 
the blame ought to light upon his commentators, and followers. (ct 

2. That There fet afide the confideration of the rational foul or mind of — 


man, all other parts of the univerfe being, according to the receiv’d opinion; .. 
the works of nature. 


A. 


“eyes 
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_ Ad confidering perfon may. well fufpeét, that men have generally had Puysics. 
but imperfect and confufed notions concerning nature ; fince they apply that UAW 
name to feveral things, and thofe too fuch, as have, fome of them, very little a safe a 
dependance on, or connexion with the others. Ari/totle has 4 whole chapter cord nate 
exprefly written to enumerate the various acceptations of the Greek word 
da, commonly render’d nature; of which, he there mentions fix ; and, 
in Exglijb, we have more fignifications of that term. Sometimes, we ufe 
fe enoesps 
1. For that author of nature, whom the {chool-men call Natural natu 
vans ; as when ‘tis faid, that nature hath made man partly corporeal, and 
partly immaterial. 

_ 2. Sometimes: we mean by the nature of a thing, the effence, or that 
which the {chool~men call the quiddity of a thing; that is, the attribute 
which makes it what it is, whether the thing be corporeal, or not ; as when 
we attempt to define the nature of an angel, a triangle, or a fluid. 

3. Sometimes we confound that which a man has by nature, with what ac- 
crues to him by birth ; as, when we fay, that fuch a man is noble by nature. 

4. Sometimes we take nature for an internal principle of motion; as 
when we fay, that a ftone let fall in the air, is, by nature, carried towards 
the centre ofthe earth; and, on the contrary, that fire, or flame, naturally 
moves upwards. 

5. Sometimes we underftand by nature, the eftablifh’d courfe of things ; 
as when we fay, that nature makes the night fucceed the day; or that na- 
ture hath made refpiration neceflary to the life of men. | 

6. Sometimes we take nature for an ageregate of powers belonging to 
a body, efpecially a living one; as, when phyficians fay, that nature is 
ftrong, weak, or {pent ; or that in fuch or fuch difeafes, nature left to her— \ 
felf, will perform the cure. | ie — | 

7. Sometimes we take nature for the univerfe, or fyftem of the corporeal 
works of God ; as when ’tis faid of'a phenix, ora chimera, that there is.’ - 
no fuch thing in nature. aertet: i, 

8. Sometimes, too, and that moft commonly, we would exprefs by the 
word nature, a femi-deity, or other ftrange kind of Being ; which is the no- | 
tion we here examine. 7 

And, befides thefe more abfolute acceptations of the word nature, it has 
feveral others. more relative. Nature is fet in oppofition, or contradiftin- 
ction to other things ; as when a ftone falls downwards, we fay, it does it 
by a natural motion ; but that if it be thrown upwards, its motion that' way 
is violent. So chymifts diftinguifh vitriol into natural and fa@titious. In 
hike manner ‘tis faid, that water kept fufpended in a fucking-pump, is not 
in its natural place, as that is, which ftagnates in the well. We fay, alfo, 
that wicked men are ftill in the ftate of nature ; but the regenerate, ina 
itate of grace: that cures wrought by medicines, are natural operations ; 
but the miraculous ones, wrought by Chrift and his apoftles, fuperna~ 
tural. Nor are thefe the only forms of {peech that might be alledg’d, to. 
manifeft the ambiguity of the word nature ; tho’ fome of thefe mes 
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writers, the acceptations of the word nature are fo many, that I remember, 
one author reckons up no lefs than fourteen or fifteen. Hence we fee how 
eafy ‘tis for the generality of men, without excepting thofe who write of 
natural things, to impofe upon others and themfelves, in the ufe of a word 
foapt to be mif-employ’d. 

Thave often look’d upon it as an unhappy thing, and prejudicial both 
to philofophy and phyfic, that the word nature hath been fo frequently, 
and yet fo unskilfully employ’d, by all forts of men. For the very great 
ambiguity of this term, and the promifcuous ufe made of it, without fuf- 
ficiently attending to its different fignifications, render many of the ex- 
preflions wherein ‘tis employ’d, either unintelligible, improper, or falfe. 
{, therefore, heartily with, that philofophers, and other leading men, would, 
by common confent, introduce fome more fignificant, and lefs ambiguous 
terms and expreffions, in the room of the licentious word nature; and the 
forms of {peech that depend on it: or, at leaft, decline the ufe of it,. as 
much as conveniently they can; and where they think they muft employ it, 
declare in what clear and determinate fenfe they ufe it. For unlefs fome- 
what of this kind be done, men will very hardiy avoid being led into mif- 
takes, both of things, and of one another 3; Whence fuch wranglings about 
words and names will be ftill kept on foot, as are ufually managed with 
much heat, and little advantage. 

But ‘tis far more difficult than any one, who hath not try’d, would 
imagine, to difcourfe long of the corporeal works of God, and efpecially 
of the operations and phenomena attributed to nature, and decline the 
frequent ufe of that term, or forms of fpeech whereof tis a principal part’; 
without frequent, and tedious circumlocutions. But to avoid, as much as 
poffible, this inconvenience; I fhall hereafter call thofe who maintain the 
vulgar notion of nature Natuvifts: an appellation I rather chufe than that 
of Naturalifts, becaufe many, even of the learned among them, are not phi- - 
lofophers. This inconvenience might perhaps be a little farther remedied, if, 

I, Inftead of the word nature, taken for Natura naturans, we ute the 
term God, which ’tis put to fignify. 

2. If, inftead of nature, ufed for that which makes a thing what it is, 
we employ the word eflence ; fometimes alfo we may make ufe of the 
word quiddity ; which, tho’ a barbarous term, is yet frequently employ’d, ” 
and well underftood in the {chools; and tho’ very comprehenfive, is free 
from ambiguity. 

3. If what is meant by the word nature, taken for what belongs to a 


' living creature at its nativity, or accrues to it by its birth, be expreffed, 


fometimes, by faying, that an animal is born fo; and,. fometimes, by fay- 
‘ing, that a thing has been generated fuch; and, fometimes alfo, that ’tis 
thus or thus qualified by its original temper and conftitution. ; 
4. If, inftead of the word nature, taken for an internal principle of 
docal motion ; we fay, fometimes, that this or that body moves as it were, 
-Or {eems to move {pontaneoufly, upwards, downwards, @c. or that it is 
y put 


: vulgar Notion of Navure. 
put into this or that motion, or determined to this or that a€ 
concourfe of particularcaufes. —° . | } Som 

5. If, inftead of nature, ufed for the eftablifhed courfe of things corpo- 
real, we fubftitute, what it denotes, the eftablifhed order, or the fettled 
courfe of things. | . : 

6. If, inftead of nature, taken for an aggregate of the powers belong- 
ing to a body, we employ the conftitution, temper, mechanifm, or the 
complex of the effential properties or qualities; and, fometimes, the con- 
dition, the ftructure, or the texture of that body: and, fpeaking of the 
greater portions of the world, we may ufe the terms, fabric of the 
world, fyftem of the univerfe, @c. | | 

7. If, where men employ the word nature for the univerfe, or the 
fyftem of the corporeal works of God; we ufe the word world, or uni- 
verle; and, inftead of the phenomena of nature, fubftitute, the pheno- 
mena of the univerfe, or of the world. 

8. And, laftly, if, inftead of ufing the word nature, taken for either a 
goddefs, or a kind of femi-deity ; we wholly reje&, or very feldom em- — 
ploy it. 7 


Some, I know, will have the nature of every thing, to be only the law Wether the naz 


that it receives from the creator, and according to which it aéts on all oc- 
cafions. And, indeed, this opinion, tho’ neither clear nor comprehenfive, ¢ 


ture of & thing 
be the law it ree 


feems capable of a fair conftruétion. "There is often fome refemblance 


between the orderly and regular motions of inanimate bodies, and the 
actions of agents, that proceed conformably to laws. And I, fometimes,. 
{cruple not to {peak of the laws of motion and reft, that God has efta—. 
blifhed among things corporeal, and, now and then, to call them the laws. 
of nature. ; 

But, in ftriétnefs, to fay, that the nature of this or that body, is: but. 
the law of God prefcribed to it, is an improper, and figurative expreffion.. 
For this gives us but a very defective idea of nature, fince it omits the ge- 
neral fabric of the world, and the contrivances of particular bodies ; 
which yet, are as neceflary as local motion itfelf, to the production of | 
particular effects and phenomena: and, to {peak properly, a law being 
but a notional rule of acting according to the declared will of a fuperior, 
“tis plain, that nothing but an intellectual Being can be properly capable 
of receiving and atting by a law. For if it does not underftand, it ean-. 
not know what the will of the legiflator is; have any intention to accom- - 
plith it; or act with regard thereto. Now. ’tis intelligible, that God. 
Should, at the beginning, imprefs determinate motions upon the parts of» 
matter, and guide them, as he thought requifite, for the primordial con- 
fitution of things: and that ever fince he fhould, by his ordinary and ge- 
neral concourfe, maintain thofe powers, which he gave the parts of mat- 
ter to tran{mit their motion‘to oneanother. But I cannot conceive, how 
a body, deftitute of underftanding and fenfe, truly fo called, can mode- 
rate and determine its own motions ; efpecially fo, as to make them. 
£onformable to laws, thatit has no knowledge of. And. that ne 

| | odies, 
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-Puysrcs. bodies, how ftridtly foever called natural; properly at by laws, canhot 
_. LANES be proved by their acting fometimes regularly, and, as men think, in 


order to determinate ends : fince, in artificial things, we fee many motions 
very orderly perform’d, and with a manifeft tendency to particular and 
defign’d ends. ‘Thus, in a watch, the motions of the {pring, wheels, and 
other parts, are fo fitted and regulated, that the hand upon the dial-plate 
moves with great uniformity,-and feems to moderate its motion, fo as 


not to arrive at the points that denote the time of the day, either a mi--. 


nute fooner, or a minute later than it fhould do. And when a man fhoots 
an arrow at a mark, foasto hitit; tho’ the arrow moves towards the 
mark, as it would, if it could, and did defign to ftrike it; yet none 
will fay, that this arrow moves by a law, but by an external impulfe. 


Ariftotle’s def. But, poffibly, the definition of a philofopher may exempt us from the 


aition of nature 


_ ebfcure and un- 


Satisfactory. 


perplexities, to which, by the ambiguous expreffions of common writers, 
we are expofed. I therefore confidered, with more than ordinary atten- 
tion, the famous definition of nature, that is left us by Ariftotle; which I 
fhall recite rather in Latin than Englifh, becaufe ‘tis very familiarly known, 
among {cholars in that language; and becaufe there is fomewhat in it, 
that feems difficult to be, without circumlocution, render’d intelligibly in 
Exglifh: Natura ays he) eft principium © caufa motiis © quietis ejus, in quo 
ine[t, primo per fe, O non fecundum accidens. Now as, according to Ariftotle, 
the whole world is but a fyftem of the works of nature ; we might well 
expect, that the definition of a thing, the moft important in natural phi- 
rola fhould be clearly and accurately deliver’d ; yet, to me, this cele- 
brated definition feems fo dark, that I receiv’d no affiftance from it, to- 
wards framing a clear and fatisfa€tory notion of nature. For I dare not 
hope, that what, as to me, is not itfelf intelligible, fhould make me un- 
derftand what is to be explained byit. And, confulting fome of Ariffotle’s 
interpreters upon the fenfe of this definition, I found the more confiderate 


of them fo puzzled with it, that their difcourfes about it feem’d to tend, 


rather to free the definer from tautology and felf-contradi€tion, than to 
manifeft the definition itfelf to be good and inftructive. And indeed, tho’ 
the immoderate veneration they have for their mafter, engages them to 
make the beft they can of his definition, even when they cannot juftify it 
without ftrain’d interpretations; yet what every one feems to defend in 
grofs, almoft every one of them cenfures in parcels; this man attacking one 
part of the definition, and that another, with objections fo weighty, that 
fT had no other arguments to urge againft it, I might borrow enow 


from the commentators on it, to jufti y my diflike thereof. 


Several things are commonly received as belonging to the idea of nature, 
that are not manifeftly or at all comprehended in this Ari/toelian definition, 
which never declares whether the principle, or caufe here mentioned, is 
a fubftance, or an accident ; and if a fubftance, whether corporeal or im- 


material: nor is it clearly contain’d in this definition, that nature does. 


all things moft wifely, and ftill aéts by the fhorteft ways, without ever 
mifling of her end; and that fhe watches againft a Vacuum, for the wel- 
fare of the univerfe. SECT. 
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4 ‘HE beft way to diftover the common opinion of nature, is, to con— The recio'd no. 


vulgar 
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fider what axioms pafs for current about her, what titles and epi- unas 
thets are unanimoufly given her by philofophers, other writers, and by 
the generality of men who have occafion to difcourfe of her, and her 
actions. 
Of fuch axioms and epithets, the principal feem to be thefe. 
Nature is exceeding wife, and all her works are perform’d with underftanding. 
Nature does nothing in vain. Nature never fails of her purpofe.. Nature al- 
ways does what is beft. Nature always a&ts in the fborteft manner. Nature 
isneither too lavifb, nor too fparing in neceffary things. Nature always pre- 
Serves itfelf. Nature cures difeafes. Nature always watches to preferve the 
univerfe. Nature dreadsa Vacuum. | 
From which particulars put together, it appears, that the vulgar no- 
tion of nature may be expreffed by fome fuch defcription as this. 
Nature is a moft wife being, that aéts nothing in vain, never miffes of 
her ends, but always does what is beft, and that by the moft dire& 
Way, neither employing any things fuperfluous, nor being wanting in 
things neceflary ; teaching and inclining every one of her works to preferve 
itfelf: and as, in the human frame, fhe cures difeafes ; fo, in the world, 
for the confervation of the univerfe, fhe abhors a Vacuum ; making parti- 
cular bodies act contrary to their own inclinations and interefts, to pre 
vent it. | 
_ If I were to propofe a notion, as lefs unfit than any I have met with, 4 new notion of 
to pafs for the principal one of nature; with regard to which, many Be sky 
axioms and expreffions, relating to that word, may be conveniently un- advane'd, 
derftood ; I fhould firft diftinguifh between the univerfal, and the particu- 
lar nature of things. And.of univerfal nature, the notion I would offer, 
Should be fomething like this. Nature is the aggregate of the bodies, that make 
up the world, in its prefent flate, confidered as a principle, by virtue whereof, 
they att and fujfer, according to the laws of motion, prefcribed by the author of 
things. And this makes way for the other fubordinate notion ; fince the 
particular nature of an individual confifts in the general nature, apply’d to 
_ a diftinct portion of the univerfe ; or, fuppofing that placed as it is, in a 
world, framed by God, like ours, it muft be a convention of the mechanical 
properties, (fuch as magnitude, figure, order, fituation, and local motion } 
of parts, convenient and fufficient to conftitute of, or entitle to its par- 
ticular {pecies, or denominations, the particular body they make up; the 
orem of all thefe being confidered as the principle of motion, reit, and 
changes in that body. g 
The vulgar notion of nature, as it has had, doubtlefs, may have an ill effect It 2? of the 
on religion. The looking upon merely corporeal, and often inanimate chings, aa ‘ee upon relie 
_as endow'd with life, fen’=, and underftanding ; and aferibing to nature, 
Vou. IL | Q > gad eae ere 
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Puysics. and fome other Beings, things that belong to God alone, have been grand 
Vr caufes of the polytheifm and idolatry of the Gentiles. 

The moft ancient idolatry, probably, was the worfhip of the celeftial 
lights, efpecially the fun and moon; as appears both from facred and pro- » 
fane hiftory. ‘Lhe great Hippocrates attempts to account for the origin of 
the world from his immortal heat, which he efteems as a deity. And Galen 
himfelf, who was not unacquainted with Mbfes’s writings, and with 
chriftianity, fancy’d the earth had a certain foul or mind imparted to it 
by the fuperior bodies. . And an inquifitive perfon, who, having livd ma- 
ny years in China, and feveral of the neighbouring kingdoms, aflured me, 
that, in a folemn conference he had with fome of the more eminent doctors 
of the Chinefe religion ; they frankly profefled, they believed the heavenly 
bodies to be truly divine, and deférving to be worfhipped, becaufe they 
imparted to men fuch good things, as light, heat, rain, 7c. And this be- 
lief, they declared, they thought more rational than that of the Euro- 
peans, who worfhip adeity, whofe fhape, colour, and motion, and whofe 
efficacy on fublunary things, were invifible. | 

Many of the ancient philofophers held the world to be animated, and 
believed, that the mundane foul was not barely a living, but a moft intelli- 
gent and wife active Being ; the Stoics held the world to be an animal ; 
and the notion of the foul of the world, and of nature, feem fo near 
allied, that fome of the old fages appear to have confounded them, and to 
have made no other univerfal nature, than the foul of the world. How- 
ever, the great and pernicious errors they were led into, by believing that 
the univerfe itfelf, and many of its nobler parts, befides men, were en- 
dowed with life, underftanding, and providence ; may make us chriftians 

jealous of admitting fuch a Being, as that which men venerate under the 
name of nature: fince they afcribe to it asmany wonderful powers and pre- 
rogatives, as the idolaters did to their adored mundane foul.. “They, alfo, 
facrilegioufly abufed this Being, as well under the very name of nature, 
asunder that of the foul of the world: fometimes making it the fame with 
the world, at others the fame with God; and Orpheus has a hymn ad- 
drefs’d to nature as a goddeds. 7 ) 

Ariftotle, indeed, and his commentators, do not fo direétly idolize na- 
ture, as did Orpheus; yet, I doubt, they go further than they can juftify, | 
when they fo freely and often’ aflert many extraordinary things of her, — 
particularly when they call the works of God, the works of nature, 
and mention him and her together, not as a creator anda creature, but as 
two co-ordinate governors. | 
_ Thofe who thought the fun endowed, not only with a living foul, but with 
underftanding and a will, muft,if they had duly confider’d, have been much. 
more puzzled, to find food for fo vaft a body, and organs in him neceflary to 
prepare and digeft it, and to perform the other functions that belong to ani- 
mal nutrition, than the philofophers who maintain’d him to be fire. “Tis with- 
out proof prefumed and afferted, that the celeftial bodies are endow’d with — 
underftanding and prudence, efpecially, fo as tobe able to know the particular 
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conditions and traniactions of men, and hear and grant the prayers of their Puysics. 
worfhippers. Andthe moon, which was anciently a principal deity, is fo rude LY NS. 


and mountainous a body, that ’tis a wonder fpeculative men, who confider’d 


how many, how various, and how noble fun@tions belong to a fenfitive 


foul, could think a mafs of matter, fo very remote from being fitly orga- 
niz'd, fhould be animated and govern’d by a true, living and fenfitive foul. 


Indeed, thefe deifiers of the celeftial globes, and the heathen difciples of 


Ariftotle, belides feveral of the fame, mind, among the chriftians, fay great 
and lofty things of the quinteffential nature of the heavenly bodies, and 
their confequent incorruptibility ; of the regularity of their motions, and 
of their divine quality of light, that makes them refulgent. But the per= 
fuafion they had, of this quinteflential nature of the fuperior part of the 
world, feems not grounded upon any folid phyfical reafon, but enter- 
tain’d by them for being agreeable to the opinion they had of the divinity 
of the celeftial bodies ;.of which, Ariforle himfelf {peaks in a way that 
hath greatly contributed to fuch an exceffive veneration for thofe bodies, 
as is neither agreeable to true. philofophy, nor true religion. He himfeif 
takes notice, that the Pythagoreaus held our earth to be one of the planets ; 
and that it moved about the fun, which they placed in the middle of the 
world. And fince this hypochefis of the earth’s motion, was in the lait 
age reviv d by Copernicus, not only Kepler, Galileo, and Gaffendus, but moft 
oF the eminent modern, aftrcnomers, have embraced it: which, indeed, 
is far more agreeable to the phenomena, than the doctrine of Ariftoile 
(who was plainly miftaken about the order and confiftence of the hea- 
vens) and the ancient and generally received Prolemaic fyftem. Now, 
-fuppofing the terraqueous globe to be a planet ; who can confider it 
as around mafs of very heterogeneous fubftances, whofe furface is very 
rude and uneven, and its body opake, (unlefs as it happens to be enlight- 
ned by the fun, moon, and ftars) and fo very inorganical and unfit for fo 
~ much as nutrition, that it feems wholly unfit to be an animal, much le{s a 
rational one; and afcribe underftanding and providence to it? The like 
may be faid of the celeftial bodies. on 

_ As for the boafted immutability of the heavenly bodies ; it may be very 
probably call’d in queftion from the phenomena of fome of the comets, that 
by their parallax were found to be above the moon,and confequently in the 
<celeftial region of the world. But, the incorruptibility and immutability 
of the heavenly bodies are more difproveable by the fudden and irregular 
-generation, changes, and deftruction of the fpots of the fun; which fome~ 
times fo fuddenly difappear, that in the year 1660, on May 8. having left, 
_ an the morning, a {pot, whofe motions we had long obferv’d thro’ an 


_ excellent telefcope, with an expectation that it would continue for many . 


days vifible to us; we were furpriz’d to find, that when we came to ob- 
ferve itagain in the evening, it was quite diffipated : and’ by comparing it 
tothe fun, we eftimated the extent of its furface to be equal to that of all 
Europe. As tothe conftancy of the motions of the ftars; if the earth, 
which we know to be sutjuant 0 is a planet, it moves as conftantly and 
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regularly about the fun, as the other planets do, or as the moon doth 
about the earth. And fuppofing our globe was not a planet, yet there 
would manifeftly be a conftant regular motion of a great part of it: fince 
there is a regular ebbing and flowing twice aday, and fpring-tides twice a 
month, of that vaft ageregate of waters, the ocean; which perhaps is not 
inferior in bulk to the whole body of the moon. | 

And laftly, as a great proof of the divinity of the ftars is drawn from 
their light ; fo, tho’ I grant it to bethe nobleft of fenfible qualities, yet lcan- 
not think it a good proof of the divine nature of bodies endow’d with it. 
For tho’ the Zabians and Chaldeaus confidered and adored the planets as the 
chief gods, our telefcopes difcover to us, that they fhine but by a borrow’d 
light ; fo that Venus, as vivid as it appears to the naked ‘eye, is fometimes 
horn’d like the moon. Thus alfo the earth, whether a planet or no, is 
enlighten’d by the fun ; and poffibly, as a body forty times bigger, com-: 
municates more light to the moon, than it receives from her; as feems 
probable from the light on the furtace of the moon in fome-of her eclipfes. 
And tho’in the night, when the darknefs hath widened the Pupille of our 
eyes, and the moon fhines with an unrival’d luftre, fhe feems cacceding 
bright ; yet fhe may be, for ought I know, more opake than the folid part 
of the terreftrial globe. For I have more than once obferv’d a {mall cloud 
in the weft, where the moon then was, about fun-fet ; and comparing 
them together, the cloud reflected the light as ftrongly to my eye, as did 
the moon, that feem’d to be not far from it; both of them appearing like 
little whitith clouds: tho’ afterwards, as the fun defeended lower beneath 
the horizon, the moon grew more luminous. And, fpeaking of light in- 
definitely, ’tis fo far from arguing a divine nature in the bodies endow’d 
with it, (whether, as the planets, by participation from an external illumi- 
nant; or, as the fun, from an internal principle) that a calcined ftone, 
witnefs that of Bolonia, will afford, in proportion to its bulk, incompa- 
rably more borrow’d lght than one of the planets. And a light, from 
internal conftitution, may be found, not wa! in fuch abjeét creatures 
as infeéts, whether winged, as the Cucupias of Hifpaniola, or creeping, as 
the glow-worm; but alfo in bodies inanimate, and corrupted; as in 
rotten wood, putrefy’d fith, @. | ) | 

The reafons that have made me backward to entertain fuch a notion of 


exlgar wotion nature, as I have hitherto difcourfed of, may be comprized under the 
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following. 

1. Such a nature feems to be either afferted, or affumed, without fuf- 
ficient proof ; and this fingle reafon, if well made out, is alone fufficient — 
to difcredit it. For, in matters of philofophy, where we ought not to 
take any thing upon truft, or allow it without proof; “tis enough to keep 
us from believing a thing, that we have no_pofitive argument to induce us 
to affent to it; tho” we have no particular arguments againft it. Now, I 
have yet met with no phyfical arguments, either demonftrative, or con- 
fiderably probable, to evince the exiftence of the nature we examine; yet, 
furely, fo univerfal an agent, fuppofed to a& immediately, in selena 
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of phenomena, fhouid, if it really exifted, give fome manifeft proofs of it- Puysics. 
felf. | Fe ae | 

2. Sucha nature is unneceflary. For, fincea great part of the work of 
‘true philefophers has been to reduce the principles of things to the fmalleft 
number they can, without making them infufficient ; why fhould we take 
in a principle, of which we have no need ? Suppofing the common mat- 
ter of all bedies to have been at firft divided into innumerable minute 
parts, by the wife author of things, and thefe parts to have been fo dif- 
pos d, as to form the world as it now is ; and, fuppofing the univerfal laws. 
of motion, among the parts of matter, to have been eftablith’d, and feveral 
conventions of particles contrived into the feminal principles of various. 
things ; all which may be effected by the mere motion of matter, skilfully cui-. 
ded at the beginning of the world: fuppofing allthis, together with God’sor- 
dinary and general concourfe, which we very reafonably may ; I fee not, why. 
the fame phenomena, that we now obferve in the world, fhould not be pro- 
duc'd, without taking in any fiuch powerful and intelligent being, diftinét 
from God, as nature is reprefented to be. And, ’till fome inftance is 
produced to the contrary, I fhall think that the phenomena we obferve,, 
will genuinely follow from the mere fabric and conftitution of the world. 
Thus, fuppofing the fun and moon to have been put, at firft, into fuch 
motions about the earth, as experience fhews they have; the determinate 
celerity of thefe motions, and the lines wherein they are performed, will 
make it neceflary, that the moon fhould exhibit fuch feveral phafes as every 
month fhe doth; and that at fome times fheandthe fun fhould have a trine, 
or a quartile afpect, Oc. and that now one, and now the other of them, 
fhould, at fet times, fuffer an eclipfe : tho’ thefe eclipfes were by the Ro- 
mans, and others of old, and are by many unlearn’d nations at this day,. i 
look’d upon as fupernatural things. And, indeed, the difficulty we find . 
to conceive how fo great a fabric as the world, can be preferved in or- : 
der, and kept from falling again toa chaos, feems to arife from hence, that: | 
men do not fufficiently confider the unfearchable.wifdom of the divine: 
architect, whofe piercing eyes were able to look at once quite thro” 
the univerfe, and take into his view, both the beginning and.end of 
time : fo that, perfectly knowing what would be the confequences of all. 
the poffible conjun@tures of circumftances, into which matter, divided and. 
mov d according to particular laws, could, in an engine fo conftituted as. 
the prefent worid.is, happen to be put; there can nothing fall out, unlefs. 
when a miracle is wrought, that fhall be able to alter the courfe of things, . 
or prejudice the conftitution of them, any further, than he from the begin-. 
ning forefaw, and allow’d. | 
3. Che nature I queftion, is fo dark and odd a thing, that ’tis hard. to’ 
- know what to make of it ; being fcarce intelligibly propos’d by thofe who: 
lay the moft ftrefs uponit. For, it appears not clearly, whether they will: 
have it to be a corporeal, or an.immaterial fubftance ; or fome {uch thing, 
as may feem to be betwixt both; fuch as many Peripatetics reprefent 
{ubftantial forms, and what they call real qualities, which feveral.{chool=- 
men: 
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Puysros metihold to be feparable from all matter whatfoever. If it be merely 
AYN corporeal, I confeis, I underftand not, how it can be fo wife an agent, 
as they would have it pafs for: if it be a body, I would gladly know 
what kind of body it is; and how, fince, among bodies, there can 
be no penetration of dimenfions, this fo intimately pervades, as they pre- 
tend, all the other bodies of the world? If it be faid, that nature is a 
Semi-fubftantia,as fome modern fchool-men call fubftantial forms, and real 
-qualities ; I anfwer, that I acknowledge no fuch chymerical, and unin- 
tellicible Beings. It remains therefore, that this nature we fpeak of, if 
pofitive, isanimmaterial fubftance. But, to have recourfe to fuch an one, - 
‘asa phyfical agent, and the grand author of the motion of bodies; and 
that, efpecially, in fuch familiar phenomena, as the afcent of water in 
pumps, the fufpenfion of it in watéring-pots, the running of it thro’ fy- 
hons, @'c. and thence to affign the caufe hereof, will, I think, prove ex- 
ceeding difficult. | 

4. Since many naturalifts are chriftians, it may not be improper to add, 
that another thing, for which I diflike the vulgar notion of nature, is, its be- 
ing dangerous to religion, in general, and, confequently, to the chriftian. 

For this erroneous conceit defrauds the true God of feveral atts of vene- 
ration and gratitude, that are due to him from men, upon account of the 

- vifible world ; and diverts them to that imaginary being they call nature, 
which has no title tothem : for, whilft nature is fuppos’d to be an intelli- 
gent thing, that wifely and kindly adminifters ail that is done among 
bodies, ’tis no wonder that the generality of men fhould admire and praife 
her, for the wonderful, and ufeful things they obferve in the world. 
And, in effect, tho’ nature, in our prefent fenfe of the word, be never 
found in the facred writings ; yet, nothing is more frequently met with in 
the books ‘of philofophers, than nature and her effeéts. And, whatever 
has been faid by fome, in excufe of Ariftotle, yet the generality of the 
Peripatetics, from whom the vulgar notion of nature is chiefly received, 
make the world eternal ; and refer all the tranfactions among the bodies it 
contains, to what they call nature. Whence ‘twill not be difficult to per- 
ceive, that, if they do not quite exclude God yet, as they leave him no 
intereft in the firft formation of the univerfe, fo they leave him but very 

_ little in the adminiftration of the parts it confifts of, efpecially in fuch as are 
fublunary. Inftead, therefore, of the true God, they have {ubftituted, for 
us, a kind ofa goddefs, with the title of nature; upon whom they look 
as the immediate agent and director in all excellent productions, and 
afcribe to her the praife and glory of them. , 

This great error, in a point of {uch importance, feems to undermine the 
foundation of religion. For fince the moft general and effeCtual argument 
-which has perfuaded men that there is a God and a providence, is afforded 
‘by the confideration of the vifible world, wherein fo many operations and 
-other things are obferv’d to be managed with fuch conduct and benignity, 
vascannot juftly be afcribed but to the wifdom and goodnefs of a-deity ; 


they who afcribe thefe things to mere nature, much weaken the wide: 
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of that argument, if they do not quite take away the neceffity of Puysics 


acknowledging a deity; by fhewing, that, without having recourfe to 
him, an account may be given of the adminiftration of the world 
and of what is perform’d among thingscorporeal. Indeed, when men are 
put upon confidering the matter, and pre{s’d to declare themfelves more 
clearly ; they fear to affirm, that God and nature are the fame thing, 
and will confefs, that fhe is but his vicegerent ; yet, in practice, their ad- 
miration, and their praifes, are frequently given to nature, not to God. 
In fhort, as nature is fo frequently recurr’d to, and fo magnify’d in the 
writings of philofophers, that the exceffive veneration men have for 
her, caufed forme (as the Epicureans) to deny God; fo, tis to be fear’d, 
that it makes many forget him. And, perhaps, a fufpicious perfon would. 
add, that, were it not for other principles, this errongous idea of nature 


would, too often, havea ftrong tendency to fhake, if not to fubvert, the | 


very foundations of all religion; by mifleading thofe who are inclined to be 
its enemies, from overlooking the neceffity of a God, to the denial of his 
exiftence. 3 

5. Thereare many phenomena, which do not agree with that notion, 
or reprefentation of nature, I call into queftion. For, if there were 
fuch an intelligent, powerful, and vigilant being, as philofophers defcribe 
nature to be, feveral things would not be done, which experience aflures 
us are done. 

The great vigilance of nature, for the common good of the univerfe, is 
pretended to be demonftrated from the care fhe takes to prevent, or re- 
plenith a Vacuum; which would be very prejudicial to the fabric of the 
world. ’Tis alledged, that nature, in pumps, and the like cafes, raifes 
the heavy body of water, in fpight of its tendency towards the centre of 
the earth, to obviate, or fill up a vacuity; and that out of a gardener’s 
watering-pot, or an inverted tube, {topped at one end, neither water, nor 
quick-filver will fall down, left it fhould leave a Vacuum behind it: but I 
demand how it comes to pafs, that if a glafs-tube be but a foot longer 
than 34 or 35 feet; or an inverted tube, fill’d with quick-filver, but 
a finger’s breadth longer than 30 inches, the water in the one, and 
the quick-filver in the other, will fubfide? Is it poffible, that nature, 
which, in pumps, is faid to raife up every day fo many hundred ton 
of water; and, if we believe the fchools, would raife it to any height ; 
fhould not have the difcretion, or the power, to lift up, or fuftain, as 
much water as would ferve to fill one foot in a glafs tube, or as much 
" quick-filver as an inch of a flender pipe will contain ; to obviate, or re~- 
plenith, the Vacuum, fhe is faid to-abhor? Sure, at this rate, fhe mutt 
either have very little power, or very little knowledge of the power fhe 
has. So, likewife, whena glafs-bubble is blown very thin at the flame o 
alamp, and hermetically feal’d wihilit *tis very hot, the reafon affign'd 
for its being apt to break, when it grows cold, is, that the inward air, 
which was before rarify’d by the heat, coming to be condenfed by the 
cold, left the fpace deferted by the air, that thus contracts itfelf, mee 
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“Puystcs. be left void, nature, with violence, breaks the glafs: but if the glafs be 

CW blown a little ftronger than ordinary, tho’ at the flame of a lamp, the 
bubble, as I have often try’d, will continue unbroken, in fpight of na- 
ture’s abhorrence of a Vacuum. But if, tho’ nature did not hinder the 
“water, or the quick-filver, from falling down, there would no fuch Vacuum 
enfue as fhe is faid toabhor; why does fhe feem fo follicitous to hinder 
jt; why keep three or four and thirty feet of water, in perpendicular 
height, contrary to the nature of all heavy bodies, fufpended in the tube ; 
and why fo furioufly break to pieces a thin feal’d bubble, to hinder a 
Vacuum, if, in cafe fhe did not break it, no Vacuum would enfue? On 
‘the other fide, if we admit her endeavours to hinder a Vacuum, not to 
have been fuperfluous, we muft confefs, that, where thefe endeavours fuc- 
ceed not, there is really produced fuch a Vacuum, as fhe is faid to abhor: 
fo that, ‘either fhe muft be very indifcreet to trouble herfeif, and tranf- 
grefs her own ordinary laws, to prevent a danger fhe need not fear; or 
elfe her ftrength muft be very fmall, that is not able to fill a {mall vacuity 
or to break a brittle glafs-bubble. 

Another grand inftance given of the wifdom of nature, and her watch- 
fulnefs for the good of the whole world, is, the appetite fhe has implanted 
in all heavy bodies, to defcend to the centre of the earth, and in all light 
ones, to afcend. But, for pofitive levity, till I fee it better prov'd, than it 
hath hitherto been, I allow no fi: thing implanted in fublunary bodies. . 

A ball being let fall upon the ground, will rebound, perhaps, feveral times, 
before it refts. If you ask why theball being dropt out of the hand, does 
not move on this or that fide, or upwards, but fall directly toward the 
centre of the earth, in that fhorteft line, the diameter of the earth produ- 
ced to the centre of gravity of the ball ? “Iwill be readily anfwer’d, that 
this proceeds from the ball’s gravity, an innate appetite, whereby it tends 
tothe centre of the earth the neareft way. But then I demand, whence 
comes this rebound, this motion upwards ? for, ’tis plainly the genuine con- 
fequerice of the motion downwards, and is, therefore, increas’d as that mo- 
tion in the ball was increas’d, by falling from a greater height: fothat it 
feems, that nature, in fuch cafes, plays a very odd game, fince fhe forces a 
ball, againft the laws of heavy bodies, to afcend feveral times upwards, 
upon account of that very gravity whofe office it is tocarry it downwards 
the direéteft way: at leaft, fhe feems, in f{pite of the wifdom afcribed 
to her, totake her meafures very ill, in making the ball move downwards 
‘with fo much violence, as occafions it feveral times to fly back from the 
place fhe intended it fhould goto. As if nature could not manage a ball 
aes letting it be hurried on with far greater violence, than her defign 
requir'd. , 

The fame may be faid of a pendulum : for, fince ‘tis unanimoufly af- 
-firm’d, that this falls to the perpendicular, upon account of its gravity, ’tis 
certainly a motion proceeding from the rae: gravity, that the {wing- 
ing weight pafles beyond the perpendicular, confequently afcends, and 
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afcends, before it comes to reft in the perpendicular. 

There are feveral inftances of perfons choak’d with a hair. The reafon 
of this fatal accident, is probably, the irritation made, by the ftay of fo unu- 
fual a thing in the throat ; whence arife very violent and diforderly motions 
to expel it, in the organs of refpiration ; by which means, the continual cir- 
culation of the blood, neceflary to life, is hinder’d, the confequence whereof 
is fpeedy death. But this agrees very ill with the vulgar fuppofition of 
fuch a kind and provident Being, as nature, who is reprefented as always 
at hand to preferve the life of animals, and fuccour them in their dangers 
and diftvelts : for fince a hair is fo flender a body, that it cannot {top the 
throat, fo as to hinder, either the free paflage of aliment into the ftomach, 
or that of air to or from the lungs; were it not much better for nature, 
to let the hair ftay there, *till the juices of the body have refolv’d or con- 
fum’d it, or fome favourable accident remov’d it, than like a paffionatd and 
tranfported thing, oppofe it with fuch blind violence, that inftead of ejeGt- 
ing the hair, fhe expels the life of the perfon >? ~ 

How the care and wifdom of nature will be reconcil’d to fo improper 
and diforderly a procedure, I leave her admirers to confider. But it will 
appear very reconcileable to providence : for, in regard of the ufe and ne- 
ceffity of deglutition, and, in many cafes of coughing and vomiting, it was, 
in the general, moft convenient, that the parts fubfervient to thefe mo- 
tions, .fhould be irritated bythe fudden fenfe of things that are unufual, 
tho’, perhaps, they would not be otherwife dangerous or offenfive ; becaufe 
it was fit that the providence of God fhould, in providing for the wel- 
fare of animals, have more regard to that which ufually and regularly be- 
fals them, than to extraordinary cafes, or unfrequent accidents ; and the 
like confiderations will fufficiently keep the divine providence from appear~ 
ing to act irrationally or injurioufly in other cafes. i 

It has been frequently obferv’d, that pregnant women have been made 
to mifcarry by the {mell of an extinguifh’d candle, which would before have 

indeed difpleas’d, but not endanger’d the fame perfons : fo that nature, 
in thefe cafes, feems very far from being fo prudent and careful as men 
ufually fancy her, fince by an odour fhe is put into fuch unruly tranfports : 
and inftead of watching for the welfare of the woman, whofe condition 
’ needed an extraordinary meafure of her care and tendernefs, fhe violently 
precipitates her charge into a danger, that often proves fatal, not only to 
the mother, but alfo to the child. | 3 | 

How the grofs aberrations of nature, in the produ€tions of montfters, will 


agree with that great uniformity, and excellent skill, afcribed to her in fe-_ 


minal produétions, I leave the naturifts to confider. Some of them, I know, 
lay the fault upon the ftubbornnefs of the matter, that would not obey 


the plaftic power of nature ; but ’tis flrange it fhould be pretended, that | 


nature, which they make a kind of femi-deity, cannot mould and fafhion fo 

{mall, foft, and tractable a portion of matter, as that wherein the firft mo- 

_ del and efformation of the embryo is made; when, at the fame time, they 
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Puysrcs, tell ws, fhe is able, in fucking-pumps, to raife and fuftain whole tons of 
LAYS water, to prevent a Vacuum; and can tofs up into the air, houfes, walls, 


caftles, and the” rceks they are built on, to let kindled gun-powder have 
the expanfion its new ftate requires. : Hog | 
It may be faid, that unlefs we admit fuch a Being as nature, to contrive 
and manage corporeal things, and, in a regular, and methodical way, direct 
them to their refpeétive ends, there will appear no vifible footfteps or proof 
of a divine wifdom inthe world. This argument, I confefs, is fo {pecious, 
that it made me long’ hefitate what to think of the receiv’d notion of na- 
ture. But having further confider’d the matter, I faw it might be an- 
fwer’d, that the curious contrivance of the univerfe, and many of its 
parts, and the orderly courle of things, with a manifeft tendency to de- 
terminate ends, are matters of faét, and depend not upon the fuppofition of 
fuch a Being as they call nature ; but, fetting afide this or that hypothelis, 
may be known by infpection, if thofe who make it be attentive and im- 
partial. ‘Thus when a man fees a human body skilfully diflected, he can~ 
not, if he be intelligent and unprejudic’d, but acknowledge, that there is 
a moft curious and exquifite contrivance in that incomparable engine, and 
in the various parts of it, which are admirably fitted for diftinct and deter- 
minate ufes. So that I cannot fupprefs the manifeft tokens of wifdom and 
defign, that are to be obferved in the wonderful conftruction and orderly 
operations of the world and its parts ; but endeavour to refer thefe indica- 
tions of wifdom to the true and proper caufe, And, as in the hypothefis 
of the objectors, there may be three caufes affign’d of thefe foot-fteps of 
-wifdom, God, Nature, and Chance ; if, according to our do€trine, Nature be 
laid afide, the competition will remain only between God and Chance: and 
fure he muft be very dull, or very ftrongly prejudic’d, who fhall think it 
reafonable to attribute fuch admirable contrivances, and fuch regular con- 
duéts, as are obfervable in the corporeal world, rather to chance (which 
is no proper caufe at all ) than to a moft intelligent Being, from which the 
moft curious productions may well be expected. But if fuch a celebrated 
thing, as nature is commonly thought, be admitted, “twill not be near fo. 
eafy to prove the wifdom of God by his works, fince thefe may have ano- 
ther cauife; that moft watchful and provident Being, which men call nature. 
And this will be more particularly difficult in the Peripatetic hypothefis of the ~ 
eternity of the world: for, according thereto, there appears no neceffity, that 
God fhould have any thing to do with it, fince he did not make this Automaton, 
but it was always felf-exiftent, not only as to matter, but as to form too: 
-andas for the government or adminiftration of the bodies it confifts of, that 
isthe proper bufinefs of nature. Ifit be objected, that this Being is by its 
affertors acknowledg’d to be fubordinate to God ; I anfwer, that, as it 
may juftly be queftion’d, whether many philofophers, and, perhaps, fome 
feéts of them, who are adorers of nature, confefs’d her to be but the fub- — 
ftitute of a fuperior and divine Being; fo, this diftinGion and fubordina- 
tion is not eafly to be prov’'d againft thofe that fide with the other an- 
cient philofophers, who either acknowledg’d no fuch thing, or ape 
ts deny d 
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deny’dit. Befides, this objection fuppofes the exiftence and {uperiority of Puysres. 
a Deity, which therefore needs to be prov’d by other ways; whereas, LAW 
on my hypothefis, the fame phenomena that difcover admirable wifdom, 
and mantfeft defigns in the corporeal world, of themfelves afford a folid 
argument, both of the exiftence, and of fome of the grand attributes of 
God, with which the reft, that properly belong to him, have a neceflary 
connexion. , 

The reafons which I conceive may have induced philofophers to take Up, T% reafons 

a, : whereon the ouls 
and rely on the receiv d notion of nature, are fuch as thefe. fest sstion uf oe 

1. One of the moft obvious may be taken from the general belief, or, tre dependss 
-as men fuppofe, obfervation, chat feveral bodies, as particularly the earth,” 
water, and other elements, have each of them its natural place affign’d it 
inthe univerfe ; from which place, if any portion of the element, ora mix’d 
body, wherein that element predominates, happens to be remov’d, it hasa 
ftrong inceflant appetite to return to it ; becaufe, when there, it ceafes to 
gravitate, and is then in -a place which nature has qualified to preferve it. 

Now, I readily grant, that there being fuch a quantity of very bulky 
bodies in the world, “twas neceflary they fhould have places adequate to 
their bignefs ; and “twas thought fit by the wife architect of the univerfe, 
that they fhould not be all blended together, but that a great portion of 
each fhould, at the beginning of things, be difpos’d of and lodg’d in a di- 
ftinct and convenient place. But I fee no neceffity of granting what is af- 
ferted in the argument : for inanimate bodies having no fenfe or percep- 
tion, it muft be all one to them in what place they are; becaufe they cannot 
be concern’d to be in one place rather than in another, fince fuch a prefe- 
rence would require a knowledge that inanimate things have not. And, 
for the fame reafon, a portion of an element, remov'd by force or chance, 
from what they call its proper place, can have no real appetite to return 
thither ; for, who tells it that ’tis in an undue place, and that it may bet- 
ter its condition by removing into another ? And, who informs it, whe- 
ther that place lies on this fide of ir, or on that, above it, or beneath it 2 
Some philofophers, indeed, have been aware of the weaknefs of the argument, 
drawn from the vulgar inftance of terreftrial bodies ; which being let fall from 
_ aneminence, or thrown into the air, fall of themfelves, in a dire& line, to- 
wards the centre of the earth ; and therefore they have ftrengthen’d it, by 
pretending, that thefe bodies have not (as the ancients pretended ) an ap- 
petite to defcend to the centre of the earth, but to the great mafs of their 
connatural bodies. I will not, therefore, accufe thefe philofophers, of the 
inconfiderate opinion of their predeceffors, who would have nature make all 
heavy things affect to lodge themfelves in the center of the earth, which be- 
ing but a point, cannot contain any one of them ; yet the hypothefis of thefe 
is liable to other weighty objeétions. 

For, firft,it is not conceivable, how an inanimate body fhould have an ap- 
petite to re-unite with homogeneous bodies, whofe fituation, and diftance 
are unknown to it. 
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(2.) It does not appear that all bodies have fuch an appetite, as is pre- 
fum’d, of joining themfelves to greater maffes of connatural bodies. If you 
file the end of an ingot of filver or of gold, the filings will not ftick to their 
own mafs, placed ever fo near, or made to touch them, much lefs will they 
leap to it, when ’tis at a diftance from them. ‘The like may be faid of al- 
moft all the confiftent bodies we are acquainted. with, except the load-ftone 
and iron, and bodies that participate of one or the other of them. : 

(3.)’Tis obvious, that what makes terreftrial matter fall thro’ the air to 
the earth, is fome general agent, which, according to the wife difpofi- 
tion of the author of the univerfe, determines the motion of thofe bodies 
we call heavy, by the fhorteft ways permitted them, towards the central 
part of the terraqueous globe; whether the body, put into motion down- 
wards, be of the fame, a like, or a quite different nature, from the greater 
mafs of matter, to which, when “tis affoicated, it refts. If, from the 
fide of a fhip, you let fall a chip of wood, when your arm is fo ftretch’d 
out, that the perpendicular, or fhorteft line, between that andthe wa- 
ter, lies ever fo little without the fhip; that chip will fall into the fea, 
which is a fluid body, and quite of another nature than itfelf, rather than 
fwerve in the leatt rE its line of dire€tion, to rejoin itfelf to the great 
bulk of wood, whereof the fhip confifts. On the other fide, if a man, 
ftanding upon the fhore juft by the fea, fhall pour out a glafs of water, hold- 
ing the glafs juft over his feet; that water will fall into the fand, where 
>ewill be immediately foaked up, and difperfed, rather than deviate a little, 
to join itfelf to fo great a mafs of connatural body, as is the ocean. 

‘To the general belief, ufually made part of the preceding argument, that 
water does not gravitate in water, its own natural place ; I reply, that 
water does gravitate in water, as well as out of it, and I elfewhere prove it. 

2. Another argument, in favour of the receiv'd opinion of nature, may 
be drawn from the ftrong appetite that bodies have to recover their ufual 
fate, when, by any means, they are put out of it, and thereby forc’d into 
a ftate that is called preternatural ; as air, violently comprefled in a blown 
bladder, will, as foon as the force is removd, return to its firft dimen- 
fons: as the blade of a fword bent, reftores itfelf by its.innate power, 
as foon as the force ceafes; and as water, made hot by the fire, haftens, 
when tis removed thence, to recover its former coldneds. 

But this argument, is grounded on the affections of inanimate bodies ; 
and fince an inanimate portion of matter is confefledly deftitute of know- 
ledee and fenfe; it is uncapable of concern to be in one ftate,; or confti- 
tution, rather than another; for, it has no knowledge of that wherein it 
is at prefent, nor remembrance of that from which it was fore'd ; and, 
confequently, no appetite to forfake the former, and. return.to, the: latter. 
But every inanimate body, being, of itfelf, indifferent ta all places and 
ftates, continues in that place, or fiate, to which the action and refiftance 
of other bodies, and efpecially contiguous ones, effectually determine it. 

And, before it be afferted, that water heated, returns, of itfelf, to. 


its natural coldnefs; it were fit, that the aflertors fhould determine, 
) what. 
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what degree, or meafure. of coldnefs is natural to that liqour; and this, Puysrcs: 
a a) 


if I miftake not, will prove no eafy task. And I think it yet more diffi- 
cult to determine, what degree of coldnefs is natural to water, fince this 
liquor perpetually varies its temperature, as to cold and heat, according to 
that of the contiguous, or neighbouring bodies, efpecially the air. And 
therefore the water of an unfhaded pond, for inftance, tho’ it refts in its 
proper and natural place, as they {peak ; yet, in autumn, if the weather 
be fair, the temper of it will much vary in the compafs of the fame day ; 
and the liquor be much hotter at noon, than early in the morning, or ‘at 
midnight ; tho’ this great diverfity be the effeét only of a natural agent, 
the fun, acting according to its regular courfe. And, in the depth of 
Winter, “tis generally confefled, that water is much colder than in the heat 
of fummer; which feems to be the reafon of what is obferv’d by water- 
men, that, onrivers, boats equally laden, will not fink fo deep in winter 
as in fummer ; the cold condenfing the water, and, confequently, making 
it {pecifically heavier in the former feafon than in the latter. 

As to the motion of reftitution, obfervable upon the removal, or ceafing, 
ef the force in air violently comprefled, and in the blade of a fword, 
forcibly bent ; I confefs, it feems to me very difficult to affign the true 
mechanical caufe of it: yet, I think it far more likely, that the caufe 
fhould be mechanical, than that the effe& proceeds from fuch a watchful= 
nefs of nature,, as is pretended. For I queftion whether we have any air 
here below, that is in other than a violent ftate; the lower parts of our 
atmofphere being conftantly comprefled by the weight of the upper. 


A. long narrow plate of filver, that has not been hammer’d, comprefied, 


or made red-hot in the fire, and fuffer’d to cool leifurely, may be bent any 
way, and will conftantly retain the laft curve figure, that you gave it. 
But if, having again ftraiten’d this plate, you give ita few {mart ftrokes 
with a hammer, it will, by that mere mechanical change, become a 
{pringy body. The like may be obferw’din copper, but not fo remarkably, 
and fcarce at all, in lead. From thefe phenomena, I demand why, if na- 
ture be fo careful to reftore bodies to their former ftate, fhe does not re- 


_ ftore the filver-plate to its ftraitnefs, when it is bent this way, or that. 


way, before it be hammer’d? and why a few ftrokes of a hammer fhould 
entitle the plate to nature’s peculiar care, and make her follicitous to. re- 


ftore it, when bent? And why, if the {pringy plate be again heated: and 


cooled of itfelf, nature abandons her former care, and. fuffers it quietly 
to continue in what crooked pofture one pleafes to, put it?. And what is 
the reafon of nature’s greater partiality to filver, copper, andiron,. than 
to lead and gold, with regard to the motion of reftitution? However, 
even in fword-blades, it has been often obferved, that tho” if, foon after 
they are bent, the force that bent them be withdrawn, they will fuddenly 
return to their former ftraitnefs; yet, if they be kept too long curved, 
they will lofe their elaftic power, and continue in that crooked pofture, 
tho’ the force that put them-into it, ceafes.to.a€t: fo that, it feems, nature 
_ eafily forgets the care the was here prefumed at firft.to take. 
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3, It paffes for eurrent, and feems much to favour the opinion of the fia= 


LVN turifts, that what is violent, is contrary to nature, and therefore cannot 


laft long. This trite fentence is, by the {chools, fo particularly apply’d to 
local motion, that fome of them have made it the charaéteriftic, whereby 
~ to diftinguifh natural motions from others; that the former are perpetual, 
or at leaft very durable, but the latter, being continually check’d by the 
contratiety of nature, continually decay, and are, within no long time, 
fuppreffed. | 

But it may be juftly queftioned, whether there is any motion among 1n- 
animate bodies, that deferves to be called violent, in contradiftinction to na- 
tural; fince, among fuch, all motions, where no intelligent agent inter= 
venes, are made according to univerfal, and mechanical laws. 

And methinks, the Peripatetics, who are moft forward to employ this 
axiom, fhould find but little reafon for doing fo, if they confider’d how un- 
faitable it is to their doétrine, that the vaft body of the firmament, and all” 
the planetary orbsare, by the Primum Mobile, witha ftupendous {wiftnefs, 
whirl’d about from eaft to weft, in four and twenty hours, contrary to 
their natural tendency ; and, that this violent and rapid motion, of the 
incomparably greater part of the univerfe, has lafted as long as the world 
itfelf, that is, according to Ariftorle, for innumerable ages. 

We may alfo obferve here below, that the ebbing and flowing of the 
{ea, which is generally fuppos’d to proceed either from the motion of the 
moon, or that of the terreftrial globe, or fome other external caufe, has 
lafted for fome thoufands of years, and probably will laft as long as the 
prefent fyftem of our vortex continues. ‘That other great ocean too, the 
atmofphere, confifts of numberlefs myriads of corpuicles, that are here 
below continually kept in a violent ftate; fince- they are elaftical bodies, 
whereof the lower are ftill comprefs’d by the weight of the upper. And, 
to make a fpring of a body, it is requifite that ic be forcibly bent or 
ftretch’d, and have fuch a perpetual endeavour to fly open, or to fhrink 
in, that it will not fail to do either, as foon as the force, that hinder’d 
it, is remov’d. And, as for the ftates of inanimate bodies, I fee not, 
that their being or not being natural, is, with any certainty, manifeft 
from their being or not being very durable. For leaves that wither in a 
few months, and bloffoms that often fade in a few days, are as well natu~ — 
yal bodies, as the folid and durable trees that bear them. And ’tis obvious, 
that, whether we make the ftate of fluidity, or of congelation, to be na-~ 
tural to water, and the other violent ; its change from one of thofe ftates 
into the other, and even its return to its former ftate, is often, at fome 
feafons, and in fome places, made perhaps in an hour or lefs, by caufes 
acknowledg’d to be natural. Mifts, hail, whirlwinds, lightning, falling- 
. ftars, @c. tho’ natural bodies, are far from being lafting; efpecially in 

comparifon of glafs, wherein the ingredients, fand and fix’d falt, are 
brought together by great violence of fire. And the motion that a thin 
Sa of this glafs can exercife, to reftore itfelf to its former pofition, when 
forcibly bent, is in great part a lafting effect of the fame violence of the 
. } ‘ e. 
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the two ingredients of glafs, tho’ very eafily foluble in water and other 
liquors, and even in the moift air itfelf. 

4. There ts a diftin€tion of local motion, into natural and violent, fo ge- 
nerally received and ufed, both by philofophers and phyficians, that it 
deferves our notice here; fince it implicitly contains an argument for the 
exiftence of the thing call’d nature, by fuppofing it fo manifeft, that an 
important diftinction may juftly be grounded on it. | 

This objection, I confefs, is difficult to clear; not for any force in it, 
but the ambiguity of the terms, wherein the diftin@tion is employ’d: for 
moft men {peak of this diftinétion of motion, in fo obf{cure, or fo uncer- 


tain a way, that ’tis not eafly to know what they mean by either member 


thereof. Yet fome there are, who endeavour to fpeak intelligibly, and 
define natural motion to be that, whofe principle is within the moving 
body ; and violent motion, that which bodies are put into by an external 
agent. But, even according to this explication, Iam not fatisfed with the 
diftinétion : for, as “tis a principle received, and. frequently employ’d, by 
Ariftotle and his followers, That whatever moves, is put inmotion by fomewhat 
elfe ; it feems, that, according to this axiom, all motion may be called 
violent, fince it proceeds from an external agent. And indeed, accordin 

to the ichool-philofophers, the motion of far the greateft part of the vifible 


world, tho’ this motion be moft regular and lafting, muft hence be reputed. 


violent ; fince they affert, that the immenfe firmament itfelf, with all the 
planetary orbs, is perpetually, and againft its native tendency, hurry’d 
about the centre of the world, once in twenty-four hours, by an external, 
invifible agent, which. they therefore call the Primum Mobile. And as for 
the criterion of natural motion, that its principle is within the moving body, 
it may be faid, that all bodies, once in the ftate of actual motion, what- 
ever caute firft brought them to it, are moved by an internal principle : for 
inftance, an arrow, that aétually flies in the air towards a mark, moves 
by fome principle or other refiding within itfelf; for it does not depend on 
the bow “twas thot out of, fince *twould continue, tho’ that were broken, or 
annihilated ; nor does it depend upon the medium, which more refifts than 
affiits its progrefs...And if we fhould fuppofe the air either to be annithi- 
lated,. or render‘d uncapable of furthering or hindring its progrefs, I fee 
not why the motion of the arrow muft neceflarily ceafe, fince in this cafe 
there remains no medium to oppofe its progrefs.. When in a watch that 
is wound up, the {pring endeavours to unbend itfelf; and when the ftring 
of a drawn bow.is broken or let go; the {pring of the former, and the 
woody part of the latter, both return to a lefs curved line. And tho” 
thefe motions are occafioned by the forcible acts of external agents, yet the 
watch, the {pring, and the bow, have in themfelves, for ought appears to: 
thofe Lyeafon with, an inward principle, by which they are mov’d, tilk 
they have attain’d their pofition. Some would add, that a fquib, or 2 
rocket, tho’ an artificial body, feems, as well as a falling-fRar, to move 
from an internal principle. Qn the other fide, external agents are Tee 
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Puysics: to many motions, acknowledg’d to be natural ; as the heat of the fun to 
the germination and flourifhing of feveral plants, hung up in the air in the 


{pring. And if in the air-pump you place feveral infects, and withdraw 
the common air from the receiver, they will lie movelefs, as if they were 
dead, tho’ it be for feveral hours, whilft they are kept from enjoying the 
air: but when that is permitted again to return upon them, they will pre- 
fently revive, and be brought to move again; as if a fly, for inftance, 
xefembled a little wind-mill, in being movelefs of itfelf, and requiring 
the aétion of the air to put its wings, and other parts into motion. But, 
Gince motion is not effential to matter, as divifibility and impenetrability 
are believ’d to be; the motions of all bodies, at leaft at the beginning of 
things, and of moft, the caufes of whofe motions we can difcern, were 
imprefled on them ; either by an external immaterial agent, God, or by 
external portions of matter acting on them. ' 

And tho’ motion be defervedly made a principal part of Ari/fotle’s de- 
finition of nature; yet men ufually call fuch motions natural, as are very 
hard to diftinguifh from thofe they call violent. ‘Thus, when water falls 
to the ground, they tell us, this motion is natural to that liquor, as ‘tis a 
heavy body; but when a man fpurts water into the air, they pronounce 
the motion, becaufe of its tendency upwards, to be contrary to nature : 
yet when he draws water into his mouth thro’ a pipe ~held perpendicu- | 
larly, they will have this motion, tho’ directly upwards, to be not violent, 
but natural. So when a blown bladder, let fall upon a floor, rebounds, 
the defcent and afcent are both faid to be natural motions; tho’ the for-— 
mer tends towards the centre of the earth, and the latter from it. And 
fo, if, from a confiderable height, you let fall a {phere of fome clofe wood, 
not too heavy, into a deep veffel of water, it will defcend far in that li- 
quor, by a natural motion ; yet its contrary motion, upwards, ought not 
to be efteem’d violent, fince, according to the fchools, being lighter zz 
feecie than water, “tis natural to it to affect its proper place; for which 
purpofe, it muft afcend to the top of the liquor, and float. Tis, however, 
from thefe tendencies to oppofite points, that men judge many motions of 
bodies to be natural, or violent. | 

And, indeed, fince it muft be indifferent to a lifelefs and infenfible body, 
to what place “tis made to move, all its motions may, in one refpect, be 
{aid to be natural; and, in another, violent: for as very many bodies, 
of a vifible bulk, are fet in motion by external impellents, upon which 
account, their motions may be faid to be violent ; fo the generality of im- 
pell’d bodies, move upwards, downwards, Oc. toward any part of the 
world, in what line foever they find their motion leaft refifted ; which im- 
pulfe and tendency -being given by virtue of what they call the general 
Jaws of nature, the motion may be faid to be natural. 

The vulgar diftin€tion of motion, therefore, into natural and violent, is 
not fo clear and well-grounded, as to oblige us to admit that there 1s 
fuch a Being as the naturifts affert. | 
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5. I come now to confider the argument that may be drawn in favour of Puysscs. 
the receiv’d notion of nature, from the critical evacuations, which happen % LN 
in difeafes; and the ftrange ftratagems that nature is faid to. make ule of, TH war _ee- 
to free herfelf from the noxious humours that opprefs her. Oe ccetea am 

This argument I willingly acknowledge to be very confiderable; for we 
really fee, that in continual fevers, efpecially in hot climates, there ufually 
happen, at certain times of the difeafe, notable commotions, or confliéts, 
after which the morbific matter is difpofed of, and difcharged by ways 
ftrange and furprizing ; to the great-and fudden relief of the patient, 

Upon this account, I take the argument drawn from crifes to be much the 
itrongeft that can be urged for the opinion from which I diffent. 

But the body ofa man is an incomparable engine, which the moft wife 
author of things has fo skilfully framed, for lafting many years, that, if 
there were in it an intelligent principle of felf-prefervation, (as the natu- 
rifts fuppofe there is) things would not, in moft cafes, be better, or 
otherwife managed, for the prefervation of the animal, than they generally 
are. So that the queftion is not, whether there be a great deal of provi- 
dence and wifdom exercifed in the crifes of difeafes ; but upon what ac- 

count itis, that thefe appofite things are perform’d?. *Tis the univerfal 
opinion of phyficians, that ’tis the sats principle they call nature; 
which, being follicitous for the welfare of the patient, and diftrefled by 
the quantity, or hurtfulnefs of the morbific matter, watches -her oppor- 
tunity to expel it haftily out of the body, by the moft fafe and convenient 
ways, which, in the prefent condition of the patient, can be taken. I, 
on the other fide, attribute crifes to the wifdom and ordinary providence 
of God, exerting itfelf-by the mechanifm of that great machine, the world ; 
and of that fmaller‘engine, the human body, asiconftituted in the patient’s 
circumftances. ‘The reafons that hinder me from acquiefcing .in;the. gene- 
ral opinion of phyficians, about crifes, are principally thefe. - 
~.-Crifes, properly fo call’d, ‘very feldom ‘happen, except in fevers, and 
the like acuite-difeafes ; where, according to.the common courfe of things, - 
‘the -diforder «is foon terminated, ‘either by -recovery, death, -or a change 
into fome other difeafe: but chronical ficknefles, unlefs they happen tobe 
‘accompany’d with feverifh diftempers, ufually have no crifes. his ar- 
gues, that nature doth not make critical evacuations, upon account of 
fuch care and watchfulnefs, as phyficians afcribe them to ; fince»fhe neg- 
de&s to employ fo: wholefom an expedientin difeafes, that are often no 
lefs dangerous and mortal than acute ones, which fhe:attempts: to cure by 
-erifes. ~ a 
Again, critical evacuations may be procured by the bare mechanifm of 
ethe body ; for, by virtue of that, the fibres, or motive organs of the fto- 
‘mach, Vifcera, and other ‘parts, »being diftended,» or vellicated,|-by the 
-abundance, or acrimony, of the ‘peccant matter, will, fometimes, by fuch 
an irritation, be made ‘to contract themfelves vigoroufly, and to throw 
out the matter that offends the part, either’ by the emunctories of the bo- > 
dy, or by whatever paflages it.can, with moft eafe, bedifcharged. ‘Thus, 
ere Vow. ToS): | S when 
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when fome men find their ftomachs burden’d with aliment, they provoke 
it to unload itfelf with a feather, or the like, without being beholden to 


nature’s watchfulnefs for a crifis, which, probably, fhe would not attempt. 


Andas’tis ufual for crifes to be made in fevers by large hemorrhagies at the 
nofe, and other parts; which is afcribed to nature’s care for the patient's 
recovery ; I muft add, that it hath been often cbferved, that even, after 
death, large bleedings have happen’d at feveral other parts of the body ; 
which fhews, that fuch excretions may be made by virtue of the ftructure 
of the machine, or the turgefcence and acrimony of the humours, without 
any defign of nature to fave the life of the patient. 

Indeed, if it appear’d, by experience, that all crifes of difeafes either 
expell’d the morbific matter, or notably relieved the patient ; the critical 
attempts of nature would much favour the opinion men have conceiv'd of 
her vigilance and conduét: but unwelcome inftances daily fhew, that, as 
fome ctifes are falutary, fo others prove mortal. And, among thofe that 
do not direétly kill the patient, there are feveral which leave him in a 
worfe condition than he was before. JI, therefore, wonder not, that phy- 
ficians have thought themfelves obliged to lay down feveral circumftances, 
as neceflary requifites of a laudable crifis; if any of which be wanting, 
"tis not’ thought of the beit kind: and if the contrary to fome of them 
happen, ’tis to be judged either pernicious, or hurtful. For, as. there 
are two general ways, fuppofed to be employ'd by nature, in making 
crifes; the one by expulfion of the peccant matter out of the body; and 
the other, by the fettling of the matter fomewhere within it ; neither. of 
thefe-is conftantly fuccelsful. 1) FSB Gas ok 

Whence experience hath obliged phyficians. to divide crifes not.only into 
perfeét, that fully determine the event of the difeafe; and imperfect, that 
only alter it for the better or the worfe ; but into falutary, that quite re- 
lieve the patient; and mortal, which deftroy him. And, to a perfect and 
falutary crifis, fome require no Jefs than fix conditions; that, it. be. pre- 
ceded by figns of coétion ; that it be made by a manifeft and fufficient ex- 
cretion, or tranflation; that it happen upon a critical day ; that it leave 
no relicks behind, to endanger a relapfe; that it be without dangerous 
fymptoms ; and, laftly, fuitable to the nature of the difeafe, and the pa- 
tient. | | | 
‘Hence it may appear no common thing to meet with a perfeét and fa-- 
lutary crifis, fince fo many laudable conditions muft concur in it. And, 
indeed, nature ufually takes up but with imperfect ones; and it were 
happy if fhe made no better, provided fhe made no worfe. But ’tis found, 
by fad experience, that fhe rouzes herfelf up to make a crifis, not only 
upon improper days, but alfo when there appear no figns of coétion ; and, 
by thefe unfeafonable. attempts, weakens the patient and encreafes the 
malady, or, perhaps, makes it fpeedily mortal.. Nor will it juftify nature, 
tofay, that thefe attempts are accidentally brought on, by the acrimony, — 
or importunity of the morbific matter, by which fhe is provoked, before 
the time, to endeavour an expulfion of it. For if nature be fo prudent — 
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and watchful.a guardian, as is thought, fhe fhould not fuffer. herfelf to be 
provoked to act prepofteroufly, and make furious attempts, that lavith the 
little ftrength the patient hath fo much need of. And, therefore, phyfi- 
cians often do very well, when, agreeably to the dictates of prudence, 
they forget how much wifdom they are apt to alcribe to nature, and 
employ their beft skill and remedies to fupprefs, or moderate, the inordi- 
nate motions, or the improper and profufe evacuations, that fhe, when 
irritated, rafhly begins to make. And tho’ the crifes that are made by a 
tranflation of the peccant matter, or by lodging it in fome particular 
part of the body, be often, when they are not alutary, fomewhat lefs 
hurtful than thofe made by excretion ; yet thefe, frequently, prove dan- 
gerous ; fometimes producing inward impofthumes, or external tumors, 
in parts either noble by their functions, fituation, connexion, or fympathy 
with others, that are not to be without hazard, or great inconvenience, 
opprefs'd. : | 

1 know that phyficians make it a great argument of nature’s providence 
and skill, that the watches forthe concoétion of the peccant matter, before 
the attempts to expel itby acrifis. But what is to be meant by this coction 
of humours, they do not clearly declare. As I underftand it, when they fay, 
that a portion of peccant matter is brought to coétion, they mean, that it 
has acquir’d fuch a difpofition, as makes it more ft than before, to be fe- 
parated from the founder portion of the mafs of blood, or from the con- 
fiftent. parts to which it, perhaps, formerly adhered; and to be afterwards 
expell’d out of the body. As where the lungs are affected by afrefh taken 
cold, we fee, that, after a few days, the phlegm is made more fluid, and that 
lodg’d in them, is eafily brought up by the coughing, which could not dif- 
lodge it before. . ; 

And, in fevers, that feparation inthe urine, which phyficians look upon 
as a good fign of coction, feems to be produc’d by fome part of the peccant 
matter, that, beginning to be feparated from the blood, mixes with the 
uring, and is not ufually diftinguifh’d from it, whilft this llquor iswarm ; but 
when grown cold, on account of its weight, or texture, appears ina diftinét 
eee as of a cloud, fediment, Oc. 

But, whatever they mean by co¢tion, ’tis plain that, on many occafions, 
nature waits not for it, but unfeafonably, and often with danger, attempts 
_ to throw off the matter that offends her, before it be duly prepar’d for ex- 
pulfion, | 

‘is a circumftance of crifes, thought the moft wonderful, that nature 
often, by very unufual ways, and at unexpected places, difcharges the mat- 
ter that offends her, and thereby either cures, or notably relieves the pa- 
tient. 

But, fetting afide extraordinary cafes, it feems probable, that the perfor- 
mances of nature, in common crifes, are, in fome meafure, referable to the par- 
ticular condition ofthe matter to be expell’d, but principally to a peculiar dif- 
- pofition in the primitive fabric of fome parts of the patient’s body ; or fome 
unufual change made in the conftruction of thefe parts by the difeafe ee or 
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Physics. other accident$ : which original, or adventitious difpofition being invifible 
ASN tous, at leaft whilft the patient lives, we are apt to afcribe the unexpectew. 


accidents of a crifis, ifit prove falutary, to the wonderful providence ox 
nature ; and if it happen otherwife, to overlook them. — Plentiful 
evacuations, procured by medicines, are a kind of artificial crifes. Some 
bodies; we fee, are {6 conftituted, that tho’ the peccant humour, wrought 
on by the medicine, ought, as the phyfician thinks, to be expell’d by ftool, 
in the generality of thofe who take rhubarb or fena; yet the peculiar 
difpofition of the patient’s ftomach will make that an emetic, which was 
intended for'a cathartic. “Nor doesthis conftitution of the ftomach equally 
regard all purging medicines ; for the fame ftomach that will reject them 
in the form of a potion, will quietly retain them, in that of pills. 
Thus mercury, which tho’, when duly prepared, is ufually given to pro- 
cure falivation, efpecially to fucculent bodies ; yet there are fome patients, 
wherein, infiead of falivating, “twill work violently downwards, like a 
purge; or make fome other unexpected evacuation. And Ihave feen a 
patient, who, tho’ young and very fat, could not be brought to falivate, ei- 
ther by the gentler ways ; by turbith-mineral, or other harfher medicines, 
tho’ adminiftred by very skiltul phyficians and chirurgeons. | 

And this peculiarity may be as well contracted, aS native : for fome 
perfons, efpecially after furfeits, having been ruffly dealt with, or, at leaft, 
tired out with a mediciné of this or that kind of form, will afterwards 
naufeate and vomit up the like, tho” in other bodies it be very far from 
emetic. 

We fee, alfo, that fometimes fudorific medicines, inftead of procuring 
{weat, prove briskly diuretic, and fometimes either purging or vomitive. 

From all this we may argue, that the qualities of the irritating matter, 
and much more the particular difpofition of the patient’s body, may pro- 


cure evacuations at unexpected places. 


There are alfoinftances of periodical and critical evacuations, at very in~ 
convenient, and unufual vents. Thus fome women are recorded to have — 
had their menfes, fometimes at the eyes, fometimes at the navel, fometimes 
at the mouth, 7c. of which there feems no caufe fo probable, as fome pe~ 
culiar ftru€ture, whether native or adventitious, of the internal parts con- 
cern’d in that difcharge: and of fuch unufual ftructures, anatomitts mutt - 
have feen many, fince I myfelf have obferv’d more than one or two. Now 
if thefeuncommon ways of difpofing of the morbific matter, we real ways fa- 
lutary to the patient, the argument grounded on them would have more 
weight : but tho’ moft men take notice of this fort of crifes, only when they 


‘are lucky, yet an impartial obferver fhall often find, that ill-condition’d and 


hurtful ones, may be made by unufual and unexpected ways. And, in 
fome tranflations of the morbific matter to diftant and nobler parts, per-— 
haps it will be as difficult to fhew, by what channels or known ways the 
matter pafs’d from one to another, as “tis to determine, how it was con" 
ducted to the parts that moft happily vented it. ms 
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°Tis my fettled opinion, that divine prudence is, at leaft, often Puysics, 
coneern’d, ina peculiar manner, about the actions of men, and the things UAVS! 
that.happen to them, or has a neceflary connexion with the one, the other its 
or both. And tho’ I think it probable, that in the conduét of that ae 
greateft part of the univerfe, which is merely corporeal, the wife author 
of it feldom manifeftly procures a recefs from the fettled courfe of the 
univerfe, and efpecially from the moft general laws of motion ; yet, where 
men, who are creatures, that he is pleas’d to endow with free-will (at leaft: 
with regard to things not fpiritual) are nearly and highly concern’d ; he 
may, not only fometimes by thofe fignal and: manifeft interpofitions we call. 
miracles, acted ina fupernatural way ; but, as the fovereign lord and go- 
vernour of theworld, frequently give, bythe intervention of rational minds, 
as well united, as not united to human bodies, feveral fuch determinations 
to the motion of parts in thofe bodies, and of others, which may be afleéted. _ 
by them, as by laws merely mechanical, thofe parts of matter would not 
have had: and by motions fo determin’d, either falutary or fatal crifes, 
and many other things, conducive to the welfare or detriment of men, may 
be produced. ' 7 
The interpofition of divine providence, in eafes of life and death, might - 
be eafily fhewn to chriftians, from feveral paflages of fcripture. And, I. 
think, it becomes a ehriftian philofopher, to admit in general, that God 
fometimes in a peculiar, tho’ fecret way, interpofes in the ordinary phe- 
nomena and events. of crifes; but that this is done fo feldom, at leaft in a’: 
way that we can certainly difcern, that we are not haftily to. have recourfe - 
to an extraordinary providence, and much lefs to the ftrange care and skill - 
of that queftion’d Being call’d nature, in a particular cafe, if it may be 
probably accounted for by mechanical laws, and the ordinary courfe of | 
things. : 
When we confider the world, andthe phyfical changes that happen in ‘ 
it, with regard to the divine wifdom and providence; the arguments for the» 
affirmative ought, intheir kind, to have more force than thofe for the ne- 
gative. For it feems moreallowable, toargue a providence from the exqui= - 
fite ftructure and fymmetry of the mundane bodies, and. the apt fubordi- 
nation and train of caufes, thantoinfer from fome phyfical irregularities, 
that things are not fram’d and adminiftred by a wife author and gover= 
nour. For the characters and impreffions of wifdom, confpicuous im the 
curious fabric, and orderly train of things, can, with no probability, be. 
referr’d to blind chance, but to a moft intelligent and defigning agent. 
Whereas, on the other hand, the irregularities we {peak of, are incompa- 
_rably fewer than thofe things which are regular, and produc’d in an or- 
derly way ; and the divine maker of the univerfe being a moft free agent, 
and having an intelleét infinitely fuperiour to ours, may, in the production 
of feemingly irregular phenomena, have ends unknown to us, which even: . 
thefe irregularities may be very fit to: compafs.. 
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O proceed, the moft general and current axioms concerning nature, 

employ’d in the writings of philofophers, may have a fair account 
given of them, agreeably to the doctrine hitherto propos’d ; tho’ fome of 
thefe axioms fuppofe, and others feem ftrongly to fupport the receiv’d no- 
tion of nature. 

-But before I-confider the particular maxims receiv’d concerning nature’s 
actions, let us fee in what fenfe nature may, or may not, be faid to a@ at 
all, or to do this or that. ‘ | 

For ought I can clearly difcern, whatfoever is perform’d in the merely 
material world, 1s really done by particular bodies, ating according to 
the laws of motion, Oc. fettled and maintain’d by God, among things cor- 
poreal. In which hypothefis, nature feems rather a notional thing, than a 
true phyfical, diftinét efficient ; fuch as would be, in cafe Ariftotle’s do- 
étrine were true, one of thofe intelligences he prefum’d to be the movers 
of the celeftial orbs. But men often exprefs themfelves fo very ambigu- 
oufly, or intricately, when they fay, that nature does this, or aéts thus, 
that “tis fcarce poffible intelligibly to tranflate their expreffions into any 
forms of fpeech, adequate to the originals. _ 

1. In this axiom, every nature preferves it felf ; by the word nature, I 
fuppofe, is underftood a natural body, otherwife I know not what it 
means. ‘hus, then, it may either fignify, that no one body tends to its 
own deftruction, or that, in every body, there is a principle call’d nature, 
upon account whereof the body is vigilant and induftrious to preferve 
its ftate, and to defend itfelf from the violence and attempts of all other 
bodies that oppofe, or endeavour to deftroy or harm it. Phe: 

In the former fenfe, the axiom may be admitted, without any preju- 
dice to our doctrine: according to which, inanimate bodies can have nei- 
ther appetites, hatreds, nor deligns ; fo that we may eafily grant, they 
have none to deftroy themfelves. 

- But, according to the other fenfe of the axiom, “twill import, that every 

body has within it felfa principle, whereby it defires, and with all its 
power endeavours to compafs its own prefervation ; and both to do thofe 
things, that tend thereto, and oppofe all endeavours, that outward agents, 
or internal diftempers, may ufe to compafs the deftrudtion of it. 

And, as this is the moft vulgar fenfe of the axiom, fo ’tis chiefly in 
this, that 1am concern’d to examine it. 

I conceive, then, that the moft wife creator of things at firft fo framed the 
world, and fettled fuch laws of motion between the bodies, which, as parts, 
compote it ; that by the affiftance of his general concourfe, the portions 
of the univerfe, are lodg’d in fuch places, and furnifh’d with fuch powers, 
that, by the heip of his general providence, they may have their beings. 
continued and maintained, as long as the courfe he thought fit to eftablith 
amongtt things corporeal, requires. 
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Upon this fuppofition, which is but reafonable, there will appear no Puysics. 
neceffity to have any recourfe, for the prefervation of particular bodies, UA7WNY, 
to {uch an internal appetite and in-bred knowledge in each of them, as ba 
the naturifts prefume : fince, by virtue of the original frame of things 
and eftablifhed laws of motion, bodies are neceflarily determined to aét on 
fuch cccafions, after the manner they would, if they had really an aim at 
felf-prefervation. 

Thus, *tis all one toa lump of dough, whether you make it into a round 
loaf, a long roll, or a flat cake: for in whatever figure the hands leave it, 
that it retains without having any appetite to return to the former. ‘The ma- 
riner's needle, before it is excited, may have no particular propenfity to one 
part of the heavens more than another ; but when it has been duly touch’d 
upon a load-ftone, the flower-de-luce will be determin’d to the north, and 
the oppofite extreme tothe fouth. So that, if the lily be drawn afide, to- 
wards the eaft or the weft, as foon as the force that detain’d it, is re- 
mov'd, it will return to its former pofition, and never reft, till it regard 
the north. But, in fpite of this feeming affection of the lily to that point 
of the horizon, yet, if the needle be duly touch’d upon the contrary pole 
of a vigorous load-ftone, the lily will prefently lofe its former inclination, 
and regard the fouth part of the heavens. 

2. Another received axiom concerning nature, is, that fhe never fails of her 
end. ‘This propofition is very ambiguous. However, if by nature we 
here underftand the Being, that the f{chool-men ftyle Natura naturans ; I 
allow that nature never mifleth its end. For the omnifcient and almighty 

author of things having once framed the world, and eftablifh’d in it the 
laws of motion, which he conftantly maintains, there can no irregularity 
happen, efpecially among the greater mundane bodies, that he did. not 
from the beginning forefee and permit. And tho’, on fome fpecial occa- 
fions, this inftituted order, either feemingly or really, has been violated ; 
yet thefe things happening but rarely, and for weighty ends and purpofes, 
by the peculiar intervention of the firft caufe, either guiding or over-ruling 
the propenfities and motions of fecondary agents ; it cannot be faid, that 
God is fruftrated of his ends by thefe exorbitances, whereby he moft 
wifely and effectually acccmplifhes them. But, if by nature be meant fuch 
a fubordinate principle, as men ufually underftand by that name, I doubt 
the axiom is in many cafes falfe: for tho’ the material world is fo conftitu- 
ted, that, for the moft part, things are brought to pafs by corporeal | 
agents, as regularly, as if they defigned the effects they produce; yet 
there are feveral inftances wherein things happen quite otherwite. 

Thus when a woman is pregnant, the aim of nature is, to produce a. 
perfect human foetus; yet we often fee, nature widely miffing her mark, 
inftead of that, producesa monfter. Thus the fap, that nature raifes with 
intent to feed the fruit of a white-thorn, for inftance, is by graffing 
brought to nourifh a fruit of quite another kind. So, when the malfter 
makes barly to {prout, whence nature intends to produce flalks and ears, 


*tis perverted to a very different purpofe. sii 
3. Another 
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Puysics. 3. Another.celebrated axiom concerning nature, is, that fhe always acts 
AS VN) by the fhorteftways. But this rule, as well as feveral others, requires to 
‘beexplained and limited, before it be admitted. *Tis true, the omnifcient 
author of the univerfe has fo framed it, that moft of its parts act as regu- 
larly in order to the ends propofed, as if they did it with defign. But fince 
inanimate bodies have no knowledge, it cannot reafonably be fuppofed, 
that they moderate and vary their own actions, according to the exigency ~ 
of particular circumftances, wherewith they muft of neceffity be un- 
acquainted ; it were therefore flrange, if various occurrences did not de- 
termine them to act by other than the fhorteft ways, that lead to particular 
ends, if thofe other ways be more agreeable to the general laws or cuftoms. 
eftablifhed among things corporeal. This I prove by inftances taken from 
gravity itfelf, a quality oe very probably refer’d to an innate power 
and propenfion. For if a heavy body be let fall into the free air, ’twill 
take its courfe directly towards the centre of the earth; and, if it meet 
with an inclining plane, which puts it out of its way, it will not lofe its 
‘tendency towards the centre, but run along that plane, by which means its 
‘tendency downwards is profecuted, tho’not, as before, in a perpendicular 
‘ine, yet in the fhorteft way it is permitted to take. ‘Thefe obvious phe- 
-nomena,.I confefs, agree very well with the vulgar axiom, and poffibly 

were the chief ee that induced men to frame it. But now let us fup- 

pofe, that a little fphere of marble or fteel, after having long fallen thro’ 
the air, lights upon a pavement of hard ftone, that lies horizontal ; in this 
‘cafe, experience fhews, that the falling globe will rebound to a confiderable 
‘height, ‘and falling down again, rebound again, and fo for feveral times 
‘fucceffively, before it approaches as near as ‘is permitted it, to thecentre 
of heavy bodies. But if nature acted in all cafes by the fhorteft ways, this 
{phere ought not to rebound at all. And having taken a good fea-compafs, 

‘and fuffer’d the magnetic needle to reft north and fouth; if I held the 

‘proper pole of a good load-ftone at a convenient diftance, ‘onthe right-or 
deft hand of the ‘lily, this would be drawn afide from the north’point to- 
wards the eaft or weft, as I pleafed ; and then the load-ftone being quite 
remov d, the lily ‘of the needle would indeed return northward, tho’ not 
fiop in the magnetic meridian, but paffing on feveral degrees beyond 

jt, “twould thence -return -without ftopping at the meridian line: ‘and 
fo, by its vibrations, defcribe many arches ftill fhorter and fhorter, — 
‘till at length it canie to fettle on it, and recover that pofition, which,: if 
“nature always: acted by the moft compendious ways, it fhould have refted 
at the firft time it had regain’d it. ‘The truth is, that, at leaft, inanimate 
bodies, acting without knowledge or defign of their own, cannot {top or 
moderate their own actions, ‘but muft neceflarily move as they are deter- 
‘mined by the general laws of motion ; according to which, in one cafe, the 
“impetus, that a body acquires by falling, is more powerful to carry it 
“on beyond the line of direction, than the action of the caufes of gravity is 
to flop it, as foon as it comes‘to the neareft place they can give it to the 
centre of the earth. And fomething like this happens in‘levity; as well-as 


gravity ; 
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gravity; for if you take an oblong and conveniently fhaped piece of light Puystcs. 
wood, and having funk it to the bottom of deep ftagnant water, give it UAW 
liberty to afcend, it will not only regain the furface of the water, where, 

by the laws of gravity, it ought to reft, and did reft before it was forc’d 

down ; but rife far beyond that furface, and in part, as it were, fhoot it- 

felf up into the incumbent air, then fall down again, and rife a fecond 

time, and perhaps much oftner, and fall again, before it fettles in its due 

place, wherein it is in an equilibrium with the water, that endeavours to 

prefs it upwards. | 

4. Another maxim, generally receiv’d concerning nature, is, that fhe al- 
ways does what is beft. But of this it will not be fafe to deliver an opi- 
nion, till J have remov'd the ambiguity of the words ; for they eafily admit 
of two different fenfes. ‘They may fignify, that nature, in the whole 
univerfe, does always that which is beft for the prefervation of it in its 
prefent ftate; or that, with regard to each body in particular, nature 
ftill does what moft conduces to the prefervation and welfare of that bo- 
dy. In the firft of thefe fenfes, the axiom will be lefs liable to exception ; 
but then, I fear, it will be difficult to be pofitively made out, by fuch 
inftances as prove that nature acts Seneeite than neceffarily according to 
mechanical laws. And, therefore, till I meet with fuch proofs, I fhall 
proceed to the other fenfe; which, tho’ the moft ufual, I cannot admit, 
without it be both explain’d and limited. I readily grant, as I have often 
 occafion to repeat, that the all-wife author of things corporeal has fo 
framed the world, that moft things happen in it, as if the particular bo- 
dies that compofe it, were watchful both for their own welfare, and that 
of the univerfe. But I think, withal, that particular bodies, at leaft 
fuch as are inanimate, aCting without either knowledge or defign, their 
actions tend not to what is beft for them in their private capacities, any 
further than fuits with the general laws of motion, and the important 
cuftoms eftablifh’d among things corporeal: fo that, in conformity hereto, 
feveral things are done, that are neither the beft, nor fo much as good, 
with regard to the welfare of particular bodies. 

We often fee, that fruit-trees, efpecially when they grow old, will, for 
one feafon, be fo overcharg’d with fruit, that they decay and die foon af- 
ter; and even, whilft they flourifh, the exceffive weight upon them, fome- 
times breaks off the branches, and thereby both hinders the maturity of 
the fruit, and haftens the death of the tree. Now this fatal profufion 
would have been prevented, if a wife nature, harbour’d in the plant, did, 
as is prefumed, follicitoufly watch for its welfare. 

We fee, alfo, in feveral difeafes, and in the unfeafonable and hurtful 
erifes of fevers, how far, what men call nature, often is from doing that 
which is beft for the patient’s prefervation. In many difeafes, a great 
part of the phyfician’s work is to appeafe the fury, and to correct the er- 
rors of this pretended nature ; which being, as "twere, a, with 

e 


a blind and impetuous paffion, unfeafonably produces thofe dangerous 
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Prysics. diforders in the body, that, if fhe were wife and watchful of its welfare, 


fhe would have been as careful to prevent, as the phyfician to remedy. 

And if nature be fo provident and watchful for the good of men, and 
other animals, and of that part of the world wherein they live; how 
comes fhe, from time to time, to deftroy fuch multitudes of men and 
beafts, by earth-quakes, pettilences, famine, Cc. 


5. Lhe word Vacuum being ambiguous, and ufed in differing fenfes ; ’tis 


requifite, before I declare my opinion about the receiv’d axiom of the 


chools, that nature abhors a Vacuum, to premife the chief acceptations, in 
which Ihave obferv’d the term Vacuum to be ufed for it has fometimes. 


avulgar, and fometimes.a philofophical, or ftriGt fignification. In common 
{peech, to be empty, ufually denotes, not to be deftitute of all body 
whatfoever ; but of that body men fuppofe fhould be in the thing fpoken 
of, or of that which it was framed, or defign’d to.contain. ‘Thus, wefay, 
a purie is empty, if there be no money in it; or a bladder empty, when 
the air is fqueez'd out, Oc. The word Vacuum is, alfo, taken in. another 
fenfe, by philofophers who fpeak ftriétly, when they mean by it a {pace 
within the world, wherein there is not contain’d any body whatfoever. 

Now the chief, if not the only, reafon that moves the generality of phi- 
lofophers to believe, nature abhors a Vacuum, is, that, in féme cafes, 
they obferve an unufual endeavour, and, perhaps, a forcible motion in 
water, and other bodies, to oppofe a Vacuum. But Iam not apt, without 
abfolute neceffity, to afcribe-to inanimate, and fenfelefs, bodies, the ap- 
petites and hatreds that belong to rational, or fenfitive, Beings ; and, 
therefore, think it a fufficient reafon to decline employing fuch improper 
AUG: if, without them, the motions, afcribed thereto, can be accounted, 
for. 

If the Cartefiau notion of the effence of a body, confifting in three dimen- 
fions, be admitted, it can {carce be deny’d, that nature does not. produce 
thefe great, and irregular efforts to hinder a Vacuum; fince, it being im- 
poffible there fhould be any, *twerea fond. thing to fuppofe, that nature, 
who is reprefented to us as.a moft wife agent, fhould, take pains, and do 
extravagant things, to prevent an impoflible mifchief. vr 7 

If the atomical hypothefis be admitted, it muft be granted, that nature 
is fo far from abhorring a Vacuum, that a. great part of the things. fhe 
does, require it ; fince they are brought to.pafs by local motion; and. there 
are very many cafes, wherein, according to thefe philofophers, the necef- 
{ary motions of bodies cannot be perform’d, unlefs the corpufcles, that lie 
im their way, have little empty fpaces to retire, or be impell’d into; when 
the body, that impels them, endeayours. to difplace.them. Whence the 
axiom, that nature abhors a Vacuum, agrees with neither of the two 
great fects of the modern philofophers. 


But, for ought appears by the phenomena employ’d to demonftrate na- 


ture’s. abhorrence of a Vacuum ; either nature does not abhor a Vacuum, 
even when fhe feems follicitous to hinder it; or, fhe has but a very, mode- 


rate hatred of it, in that fenfe wherein the vulgar philofophers take the 
word Vacuum, For, 
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For, in almoft all vifible bodies here below, and even in the atmofphere Puysics. 
itfelf, there is more or lefs of gravity, or tendency towards the centre of SVS 
our terraqueous globe; whence nature need not difquiet herfelf, and a& 
irregularly, to hinder a Vacuum , fince, without her abhorrence of it, it 
may be prevented or replenifhed, by her affe€tine to place all heavy bodies 
as near che centre of the earth, as heavier than they will permit. And 
even, without any defien of her’s; a vacuity will be as much oppos’d, as 
we really find it, by the gravity of moft, if not of all bodies here below; 
and the fluxility of liquors. For, by virtue of their gravity, and the mi- 
nutenefs of their parts; they will be determin’d to infinuate themfelves 
into, and fili all the fpaces, that they find not already poffefled by other 
bodies, either more potiderous; in fpecie, than themfelves, or, by reafon 
of their firmnefs of ftructure, capable of refifting, or hindering, their de- 
fcent. Accordingly, we obferve, that, where there is no danger of a 
Vacuum, bodies may move, as they do, when they are faid to endeavour 
its prevention. ‘Thus, if you would thruft your hand deep into a veflel 
of fand, and afterwards draw it ott again; there will need nothing but 
the gravity of the fand to make it fill up the greateft part of the {pace de- 
ferted by the hand.’ And if the veflel be replenifhed, inftead of fand, with 
an aggregate of corpufcles more minute and fimooth than the grains of 
that, as, for inftance, with quick-filver, or with water ; then the {pace, 
deferted by the hand, willbe, to fenfe, compleatly fill’d by the corpticles 
of the fluid. “And if you take a glafs-pipe, whofe cavity is too nar- 
row to let water and quick-filver pafs by one another in it; and having 
lodg’d a fmall cylinder of mercury, of about half an inch long, in the 
lower part, you carefully ftop the upper orifice with your finger, the quick- 
filver will remain fufpended in the pipe: and if, then, you thruft the 
tube direétly downwards, into a deep glafs of water, tll the quick- 
filver be depreffed about a foot beneath the furface of the water; and then 
take off your finger from the orifice of the pipe, the quick-filver will, im- 
mediately, afcend fwiftly, for five or fix inches, and remain fufpended at 
this new flation. Here, therefore, we have a fudden afcent, of fo heavy 
a body as‘is quick+filver, and a fufpenfion of it in the glafs; not produced 
to prevent,. or filla Vacuum; for the pipe was open at both ends: the 
phenomena being but genuine cornfequences of the laws of the equilibrium 
of liquors. th ms | i aaphae 

“Confidering how great a power the fchool-philofophers afcribe to na~ 
ture, Tam the lefs inclined to think her abhorrence of a Vacuum fo great 
as they imagin‘d. Ihave fhewn, that her averfion to, and  watchfulnefs 
againft it, are not fo vehement, but that, in the fenfe-of the Periparetics, 
fhe can quietly admit it, in fomeé cafes; where, witha’ very fmall en- 
deavour, fhe might prevent, or replenifh it. When the Torricellian experi- 
ment ismade, tho’ it cannot, perhaps, be fully prov’d, either again the Cur- 
tefians, or fome other Plenifts, that, in the upper part of the tube, deferted 
by the quick-filver, there is a Vacunm, in the ftri€t philofophical fenfe of 
the word ; yet, as the Peripatetics declare their fenfe, by their ms | 
2 again 


by 
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Puysics. againft a Vacuum, “twill appear very hard ‘for them to fhew, there is 
iM Y™N/ not one in that tube. And, as by the fcholaftic way of arguing, na- 
ture’s hatred of a Vacuum, from the fufpenfion of water, and other li- 
quors, in tubes and conical watering-pots, it appears, they thought that 
any {pace here below, deferted by a vifible body, not fucceeded by another 
vifible body, or at leaft by common air, may be reputed empty ; fo, the 
{pace deferted by the quick-filver, au the top of of a barometer, thirty- 
one inches long, will invite one to doubt, whether a Vacuum ought to 
be thought fo formidable a thing to nature, as they imagine fhe thinks it ? 
For, what mifchief would enfue to the univerfe, upon the production or 
continuance of fuch a Vacuum, tho’ the deferted {pace were much more 
than aninch, and continued many years, as has feveral times happen’d in 
the taller fort of mercurial barometers ? And thofe Peripatetics who tell 
us, if there were a Vacuum, the influences of the celeftial bodies, that are 
abfolutely neceflary to the prefervation ofthe fublunary ones, would be in- 
tercepted, fince motion cannot be made zz vacuo, would do well to prove fuch - 
a neceflity ; andto confider, that in our cafe the top of the quick-filver, 
to which the Vacuum reaches, ufually appears protuberant ; which fhews, 
that the beams of light are able to vat thro’that Vacuum, being, in fpite of ir, 
reflected from the Mercury to the eye. And infuch a Vacuum, as to com- 
mon air, Ihave try’d, that aload-ftone will emit its effluvia, and move 
iron or fteel placed therein. 

In fhort, it is not evident, that, here below, nature fo much endeavours 
to hinder or fill upa Vacuum, as to manifeft an abhorrence of it: and, 
without much peculiar folicitude, a Vacuum, at leaft a philofophical one, is 
as‘much provided againft, as the welfare of the univerfe requires, by gra- 
vity and the fluxility of the liquors, and other bodies. 

6.1 come now to the celebrated faying, that nature cures difeafes, taken 
from Hippocrates, who exprefles it in the plural, vsaav ouverts iv]po’. And be- 
caufe this axiom is generally receiv’d among phyficians and philofophers, 
and feems to be one of the principal things, that has made them introduce 
fuch a Being as they call nature;I1 fhall attentively confider, in what 
fenfe, and how far, this famous axiom may, or fhould not, be admit- 
ted. | 

Firft, then, I conceive it may be taken in a negative fenfe, fo as to im- _ 
port, that difeafes cannot be cured in fuch perfons, in whom the aggregate 
of the vital powers, or faculties of the body, is fo far weaken’d or depra- 
ved, as to be utterly unable to perform the functions neceflary to life; or 
at leaft to a€uate and affift the remedies employ’d by the phyfician, to pre- 
ferve or recover the patient. ? | 

This I take to be the meaning of fuch ufual phrafes as thefe, Phy/ic comes 
200 fate. Nature is quite fpent, &c. And inthis fenfe I readily acknowledge 
the axiom to be true. For, where the engine has fome neceffary parts, 
whether fluid or folid, fo far deprav'd or weakned, as to render it altoge- 
ther unable to co-operate with the medicine, it cannot be rationally expect- 
ed, that the adminiftration of that medicine, fhould prove effectual. me) 

there 
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there is a pofitive fenfe of our axiom, wherein it is the moft ufually em- 
ploy’d ; for men commonly believe there refides in the body of a fick per- 
fon, a certain provident or watchful Being, that induftrioufly employs itfelf, 
by itsown endeavours, as well as by any occafional affiftance, to rectify 


4 I 
Puysics. 


Vea, 


whatever is amifs, and reftore the diftemper’d body to its priftine fate of | 


health. 
Now, I conceive that the wife and beneficent maker of the world, in- 


tending that men fhould, for the moft part, live a confiderable number of. 


years, in a condition to act the parts affign’d them ; he was pleas’d to 
frame human bodies fo, that, with the ordinary fuccours of reafon, Gc. 
they may in many cafes recover a ftate of health, if they chance to be put 
out of it by lefs accidents than thofe, that God, in compliance with the 
great ends of his general providence, did not think fit to fecure them from, 
or enable them to furmount. Many things, therefore, that are commonly 
afcrib’d to nature, may be better afcribed to the mechanifm of the univerfe, 
and the human body. | , 

The caufes that diforder the human frame, are often tranfient, but 
the ftructure of the body it felf; and the caufes that conduce to the prefer- 
vation of its ftruéture, are more ftable and durable; and, on that account, 
may enable the engine to out-laft many things that are unfriendly to it, as 
flight hurts, and difeafes. ’ . 

Several phenomena of difeafes may be illuftrated, by fuppofing dirt 


thrown into a vialiof fair water, and then the vial to be well fhaken; 


whereby the water will lofe its tranfparency, upon a double account + that 
of the dirt, whofe opake particles are confounded with it; and that of the 
bubbles, which {wim at the top of it: yet to purify this water, and make it 
recover its former tranfparency, there needs no particular care or defign 
of nature; but, according to the common courfeof things, after fome time 
the bubbles will break and vanith at the top, and the earthy particles, that 


compofe the mud, will, by their gravity, {ubfide to the bottom, and fettle | 


there, whence the water becomes clear again. ~~ 
There is indeed one thing, to which the maxim, Nature cures difeafes, 


may be very fpecioufly applied; and that is the healing wounds; which, if 


but in the flefh, may often be cured without medicines. However, this 
healing feems to be only an effect or confequent of that fabric of the body; 
on which nutrition depends. For the alimental juice:being, by the cireu= 
_ lation of the blood and chyle, carried to all partsof the body ; if it meets 
any where, either with preternatural concretions, or with a gap made: by. 
a cut or wound, its particles there concrete intoa kind of flefh, or other 


body, which that juice, in the place and other circumftances ’tis in,’ is- 


fitted to conftitute. ‘Thus not only wens and fcrophulous tumors.are tiov- 
rifh’d in the body, but mif-fhapen mola’s grow in the womb, as well as 
embryo’s, And we fee, in wounds, that fungus’s are as well produced 
and nourifh’d by the aliment brought to the wounded part, as the true 
and genuine flefh; fo that either nature feems much miftaken, if the de~ 
figns the produétion and maintenance of fuch fuperfluous and mii 

odies:s 
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~Puysics. bodies); or: the..chirurgeon is, much to blame, “who: induftrioully deftroys 
LYN them. But, for ought appears; nature is not fo fhy and refery’d in her 
~ bounty, but that fhe fends, nourifhment, to repair as well things that do 
‘not genuinely belong to the body, as to reftore fleth to wounded parts. 
‘This, appears by warts,and corns, that grow again after they are cut. 
And I have feen a woman, in whofe forehead nature was careful to 
nourih,a horn, above an inch:in length; which I fully examin’d, whilft it 
was yet growing upon her head, to avoid being impofed upon. | 
» But there are many difeafes, as well acute as  chronical, wherein, ’tis 
confefs’d, that, nature alone does uot work the.cure ; fo that the aphorifin) 
which makes nature the curer of thefe, is nottrue, but in a lintived fenfe. 
“Tis, indeed, pretended, that even'heré, nature» is: the principal agent, by 
whofe direction the phyfician acts, in fubfervience to her defigns;: and 
phyficians themfelyes acknowledge, that they are but nature’s minifters. — 
Let us, therefore, fee'in what fenfe it is fit, according to our doétrine, to 
admit thefe aflertions. uxbod Gt 
 One-great.caufe of the common miftakes' about this matter, is, that the 
body. of-a man-hath been look’d, upon, rather asa fyftem of parts, wheres 
of moft.are| grofs and confiftent, and not'a few hard and folid too, than 
as, what indeed it is,.a very compounded engine; that, befides> thefe 
parts, confifts of the blood, chyle, gall, and other liquors’; and of more 
fubtile fluids, as {pirits and air :,all which are inceflantly and -varioull 
moved; and thereby put feveral of the folid parts into frequent and ile 
fering motions. ‘_ When, therefore, the conftitution, or the motions, that ina 
found body, regularly belong to the. fluids, happen, the former to be de- 
pravd, or the latter to grow irregular; the engine is immediately out of 
order, tho’ the grofs,folid parts were not. primarily affected: fo, whem by 
‘proper, remedies the, vitiated texture of the blood,. or other: jiticesy is cor+ 
rected; and.the: inordinate:motions of them and. the fpirits are’ calm’d and 
rectity'd, the.grofler and more. folid parts of! the body, and: fo the whole 
animal ceconomy, will be reftored toa more convenient ftate. | 
The. phyfician, ii my opinion, is to look upon his patient’s body, as an 
engine out of order; yet fo conftituted, that; by concurring with. the 
endeavours, or tendencies, of the parts of the machine,:it.may be brought 
to a better ftate: If, therefore, he find, that, im» the prefent difpofition:of 
the body; there is\.a:propenfity to-throw off the matter'that offends it, «in 
a convenient way, and at-commodious: places; he will then aé& fo, as’to 
comply: with; and further that. way of difcharge, rather than another. 
As, if'there bea great appearance, that a difeafe will, quickly havea 
erifis by fweat ; he will) rather further iviby covering the ‘patient with 
‘warm, clothes and: giving {udorific' medicines; than, by endeavouring’ to 
catry off the peccant: matter: by purging or vomiting, unfeafonably hinder 
a-diicharge, that: probably will be beneficial. And, in this-fénfe, men may 
fay, if they pleafe, that the phyficians are minifters or fervants'of nature; 
as fearmen; when:the fhip fails! before:a good wind,. will not thift: their 
‘fails, nor: alter: the:.fhip’s: motion, becaufe: they-need not: But:to fhew, 


2 eulaod that 


vulgar Notion of Nature. 147 


that “tis, as “were, by aceident, that the phyfician, in this cafe, ‘ob ae pot 


nature, (to {peak in the language of the naturifts ; ) there are many Wyn. 
other cafes, wherein the phyfician, if skilful, willbe fo far from. takine ‘ 
nature for his guide, to direct him by her example; that a great part of 
his care and skillis employ’d, to hinder.her from. doing what the feems to 
_ defign; and.to bring to pats, other things, very diftering from, i not con-: 
trary.to,, what fhe endeavours. , ere | 
Thus, tho’ nature, as ‘tis call’d, importunately craves for drink in drop- 
fies, the phyfician thinks himfelf ange to deny it ; as he does. what his 
patients. greedily defire in the Pica, Oc. "Thus alfo the chirurgeon often 
hinders.nature from clofing up the lips of a wound, as fhe would: unskil- 
fully. do, before it, be well and fecurely heal’d.at'the bottom. So the phy-. 
fician, by purging or phicbotomy, carries off the. matter, that. nature 
would more dangeroufly throw. upon the lungs. | 
In fhort, I look upon a good. phyfician, not properly as. a fervant to 
nature, but a counfellor and a friendly affiftant ; who, in his. patient’s: 
body, furthers. thefe motions, and. other things, that he judges con- 
ducive to the. welfare and recovery of it: but as to thofe, that he per=. 
ceives likely to be hurtful, either by increafing the difeafe, or otherwife  — 
endangering the patient, he thinks it his part to oppofe or hinder, tho’ 
nature manifeftly feems to endeayour to exercife or carry om thofe hurtful. 
motions, . 
Hence, fear, the commendations which Hippocrates gives of nature, in 
the cure. of difeafes, make, many phyficians lefs courageous:.and. careful 
than they, fhould be, to employ their own. skill, on. feveral occafions 
that greatly require it. 
As, in fome cafes, the phyfician. relieves his patient ina negative way, . 
by oppofing nature in her. unfeafonable, or diforderly attempts; fo, in 
others, he may doit in a. pofitive one ; by employing medicines that either: 
ftrengthen the parts, or make fenfible. evacuations of matter, neceflary to: 
be profcribed by them; or, by ufing remedies, that. by their manifeft qua- 
lities oppofe thofe of the. morbific caufe.. And, perhaps, in fome-cafes,.. 
the phyfician may, in a pofitive way, contribute more to the: cure even: of 
an inward difeafe, than nature. herfelf feems-able to, do,: for; if,any fuch . 
medicine may be prepared by art, as Helmout affirms to.be attainable from 
 Paracelfus’s Ludus,. by the alkaheft; or, as Cardan relates, that an enrpiric. 
had in his time, who trayell’d up and down /taly, curmg fuch where-ever, _ 
he came, as were tormented with the ftone of the bladder; the phyfi-. | | 
cian. might, by fuch inftruments,. perform that which, for ought appears; . | 
_ is fot to be done by nature herfelf ;, fince.we, never find, that the diffolves. 
a. confirm 'd ftone in the bladder... Nay, fometimes,.the phytician does, even 
without the help. of a medicine, control and-over-rule this nature, to.the- 
great and fudden.advantage of the patient, as.in the cafe of {wooning. 
It, appears from, the whole, thatias there, are, fome phenomena, which. | 
feem to favour the dofrine:.of the naturifts, about.the cure. of difeafes;4o 
thereare others, that more manifeltly agree with our hypothefis. And both . ‘ 
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thefe forts of phenomena, being confider’d together, may well fuggeft a 
{ufpicion, that the moft wife and free author of things, having framed the 
firftindividuals of mankind, fo asto be fit to laft for many years, and en- 
dow’d thofe originals with the power of propagating their f{pecies ; it 
thence eomes to pafs, that in the Abts Ge engines we call human bodies, 
when neither particular providence, nor the rational foul, nor over-ruling 


. impediments interpofe, things are generally perform’d according to mecha-~ 


nical laws and courfes ; whether the effeéts and events of thefe prove con- 
ducive to the welfare of the engine itfelf, or elfe cherifh and foment extra- 
neous bodies or caufes, whofe prefervation and increafe are hurtful to it. - 
Hence the happy things, referr’d co nature’s prudent care for the recovery 
and welfare of fick perfons, are ufually genuine confequences of the mecha- 
nifm of the world, and the patient’s body ; which effects luckily happen to 
be co-incident with his recovery, rather than to have been purpofely and 
wifely produced in order to it ; fince what is called nature, feems careful 
to produce, preferve, and cherifh things hurtful to the body, as well as 
thofe beneficral to it. 

Thus, not only worms, but frogs and toads, taken in their fpawn, with 
corrupted water, have been cherifh’d in the ftomach, till the eggs being 
grown compleat animals, have produced horrid fymptoms in the body. 
And if, according to the receiv’d opinions of phyficians, ftubborn quartans 
are produced by a melancholy humour feated in the fpleen ; it may be 
faid, that nature feems to bufy herfelf to convert fome parts of the fluid 
chyle into fo tenacious a juice, that, in many patients, notwithftanding 
the neighbourhood of the {pleen and ftomach, neither ftrong emetics, pur- 
ges, nor other ufual remedies, are able, in a long time, to diflodge, refolve, 
or correctit. 

But the poifon of a mad-dog, nature fometimes feems induftrioufly 
to preferve ; for we have inftances of a little foam convey d into the 


-blood by a flight hurt, which, notwithftanding the conftant heat and per- 


fpirable make of the human body, and the diffipable texture of the foam, 
ri preferved, and fometimes, too, for many years, that, at the end of that 
time, ithas broke out, and difplay’d its fatal efficacy with as much vigour 
and fury, as if it had but newly been receiv’d into the body. 

Thus, tho’ the quantity of poifon, in the bite of the Tarantula, is 
fearce vifible, being communicated by the tooth of fo {mall an animal — 
asa fpider ; yet, in many patients, “tis preferv’d during a great part of 
their lives, and manifefts its continuance in the body by annual paroxy{ms. 
And, a perfon of great quality, complain’d to me, that being in the 
Eaft, the biting or ftinging of a creature, whofe offenfive arms were fo 
fmall, that the eye could very hardly difcern the hurt; had fo lafting an 
effet upon him, that, for about twelve years after, he was reminded of 
his mifchance, by a pain he felt in the hurt place, about the fame time of 
the year that the mifchief was firft done him. And, in fome hereditary dif- _ 
eafes, as the gout,the falling-ficknefs, Oc. nature feems to act as if fhe did, 
wvith care and skill, tranfmit to the unhappy child fuch morbific feeds, 3 

impref- 
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impreffions of the parents, that, in {pite of all the various alterations the Puysics. 
younger body paffes thro’, during the courfe of many years, this protected (AYN 
enemy is able to exert its power and malice, after forty or fifty years 
concealment. ss fie ¢ 

In the fame manner, but with light variations, other axioms about na- 
ture might be eafily explain’d. 

But tho” we could not intelligibly explain all the particular axioms about 
her, and the phenomena of inanimate bodies, that are thought to favour 
them, by mechanical principles ; it would not follow, that we muf there- 
fore yield up the whole caufe to the naturifts. For we have already 
fhewn, that the fuppofition of fucha Being as they call nature, is far from 
enabling her patrons to give intelligible accounts of thefe and other pheno- 
mena of the univerfe. And tho’ our doétrine fhould be infufficient to give 
a good account of things corporeal ; yet a lefs degree of probability may 
ferve in.arguments employ’d but to juftify a doubt, than is requir’d in 
thofe that are to demonftrate an affertion. 

’Tis true, the naturifts tell us, that the nature they aflert is the princi 
ple of all motions and operations in bodies ; which infers, that in explain- 
ing them, we mutt have recourfe to her. 7 

But before we acquiefce in, or confidently employ this principle, it were 

very fit we knew what itis: I, therefore, demand of thofe who affert 
fuch a nature as is vulgarly defcribed, whether it be a fubftance, or an 
accident ? If it be the latter, it fhould be declar’d, what kind of acci~ 
dent itis ; how a folitary accident can have right to all thofe attributes, 
and produce thofe numerous and wonderful effeéts, that they afcribe to 
mature: and why a complex of fuch accidents, as are the mechanical affe- 
Ctions of matter, may not altogether as probably as that accident they 
call nature, be conceiv’d to have been inftituted by the perfectly wife au- 
- thor of the univerfe, to produce thofe changes among bodies, which are 
intelligibly referable to them. And if things be not brought to pais by 
their intervention, “twere very fit we fhould be inform’d, by what other 
particular and intelligible means nature can effect them better. 

But if it be faid, as by moft it is, that the principle call’d nature, is a 
-fubftance ; I demand, whether it be corporeal or immaterial > If it be 
immaterial, I further ask, whether it be created, or not 2 If not, we 
have God under another name, and our difpute is at an end, by the re- 
moval of its fubjeét ; which is faid by the {chools, to be God’s vicegerent, Ke 
not God himfelf. But if nature be affirm’d (as. fhe is by all chriftian 
philofophers ) to be a created Being; I then demand, whether the be en- 
dow'd with underftanding, fo as to know what fhe does; for what ends, 
and by what laws fhe ought to act >? If the anfwer be negative, the fup- 
potition of nature will be of very little ufe to afford an intelligible account 
of things. And if it fhould be faid, that nature is endowed with under- 
ftanding, and performs {uch funétions as many of the ancients afcribe to 
the foul of the world ; this hypothefis is near of kin:to heathenifm; and I 
do not think, that they who fuppofe a kind of foul of the univerfe, . will 
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» Puystcs. find this principle fufficient to explain the phenomena of it.. For tho’ nature 

ZY be admitted to have reafon, yet a multitude of phenomena may be me- 
chanically produced, without her immediate intervention ; as, we fee, that 
in man, tho’ the rational foul has fo narrow a province to take care of, as 
the human body, and is fuppofed to be intimately united to all the parts of 
it; yet abundance of things are done in the body, by the mechanifm of it, 
without being produced by the foul. In fleep, the circulation of the 
blood, the regular pulfation of the heart, digeftion, nutrition, re{pira- 
tion, @c. are perform’d without the immediate agency, or fo much as 
the a€tual knowledge of the mind. And, when a man is awake, many 
things are done in his body, not only without the dire¢tion, but againit 
the bent of his mind; as often happens in cramps, and other convulfions, 
coughing, yawning, O’c. Nay, tho’ fome brutes, as, particularly, apes, 
have the ftru€ture of many parts of their bodies very like that of the cor- 
refpondent ones in men; yet that admirable work of the formation and 
organization of the foetus in them, is granted, by philofophers, to be 
made by the foul of the brute, which is neither an incorporeal, nor a ra- 
tional fubftance. And even the human fetus, if we admit the general 
opinion of philofophers, phyficians, divines, and lawyers, is form’d with- 
out the intervention of the rational foul, that is not infufed, till this hath 
obtain’d an organization, fitting to receive fuch a gueft; which it is 
reputed to do, about the end of the fixth week, or before that of the 
feventh. 

If it be urged, that nature, being the principle of motion in bodies; 
their various motions, which amount toa confiderable part of their phe- 
nomena, muft be explained, by having recourfe to her: I anfwer, ‘tis 
very difficult to conceive how a cial immaterial fubftance, can, by a 
phyfical power, move a body; the agent having no impenetrable part, 
wherewith to impel the corporeal Mobile. God, indeed, who is an im-— 
material fpirit, ought to be acknowledg’d the primary caufe of motion in 
matter ; becaufe motion neceflarily belongs not to corporeal fubitances. 
But, then, there is that infinite diftance between the incomprehentible 
ereator, and the leait imperfect order of his creatures, that we ought to 
be very cautious how we make parallels between them ; and draw infe- 
‘rences from his power, and manner of aéting, to theirs: fince he, for - 
inftance, can immediately aét upon human fouls, as having created them; 
whilft they are not able fo to aét upon one another. And it feems the 
more difficult to conceive, that, if nature be an incorporeal fubftance, fhe 
fhould be the great mover of the mundane matter ; becaufe we fee, 
that, in a human body, the rational foul, tho’ vitally «united to it, can 
otily determine the motion of fome of the parts; not give motion to any, 
or fo much as regulate it in moft. And, if nature be faid to move bodies, 
in another than a phyfical way ; I doubt, whether the fuppofition of fuch | 
a principle will be of much ufe to philofophers, in explaining phenomena. 
I fhould fearce think him a judicious phyfician,, who imagines, that he 
gives an intelligible and particular account of the furprizing fymptoms of — 

. thofe 


vulgar Notion of NatTuReE. 
thofe ftrange difeafes, that many impute to witchcraft, when he fays, that 
their phenomena are produced by a wicked immaterial {pirit, call’d a 
devil. 

But, “tis thought, that the greater number of philofophers, at leaf 
among the moderns, take nature to be corporeal: I, therefore, demand 
whether thefe philofophers believe nature, tho’ corporeal, to act know- 
ingly, that is, with confcioufnefs of what fhe does, and for defigned ends ; 
or elfe to be blindly and neceflarily moved and directed by a fuperior 
agent, endow’d with an excellent underftanding ? 

The Cartefians would ask, how, if nature be a corporeal fubftance, we 
can conceive her capable of thinking ; and of being a moft wife and pro- 
vident direCtor of all the motions that are made in the corporeal world ? 

And a philofopher may juftly demand, how a corporeal Being can fo 
pervade the univerfe, as to be intimately prefent with all its minute parts, 
whereof ‘tis faid to be the principle of motion ? i 

We may, alfo, demand, whence nature, being a material fubftance, 
comes itfelf to have motion ; fince motion does not belong to matter, in 
itfelf? For a body is as truly a body when it refts, as when it moves. 


If it be anfwer’d, that God, at firft, put it into motion; I reply, that the 


fame caufe may as probably be fuppofed to have put the unquettion’d 


mundane matter into motion ; without the intervention of another corporeal . 


Being, in the conception whereof as matter, motion is not involv’d. 

It may, likewife, be ask’d, how the laws of motion come to be obferv’d, 
or maintain’d, by a corporeal Being, which, as merely fuch, is either 
uncapable of underftanding them, or of aéting with refpeét to them ; or, 
at leait, is not neceffarily endow’d with any knowledge of them, or power 
to conform to them, and to make all the parts of the unqueftion’d mundane 
matter do fo too ? | 

And I fee not, how the taking in fuch an unintelligible, and undefign- 
ing principle, will free our underftandings from great difficulties, when 
we come to explain the phenomena of bodies. For, if nature be a bodily 
creature, and acts neceflarily ; I fee no caufe to look upon it as other than 
a kind of engine: and the difficulty may be as great, to conceive how all 
the feveral parts of this fuppos’d engine, call’d nature, are, themfelves, 
framed, and moved, by the great author of things, and how they act 
upon one another, as well as upon the undoubted mundane bodies; as ’tis 


to conceive, how, in the world itfelf, which is, manifeftly, an admirably 
contriv'd automaton, the phenomena may, by the fame author, be pro- 


duced, in confequence of the primitive conftruétion, and motions, that he 
gave it; without the concurrence of fuch a thing, as they call nature. 
For this, as well as the world, being a corporeal creature ; we cannot 
conceive, that either of them aét otherwife than mechanically. And it 
feems very fuitable to the divine wifdom, to employ in the world, already 
framed and completed, the feweft, and moft fimpie means, by which the 
Phenomena, defign’d to be exhibited, could be produced. Nor need we 

€ much mov’d, to hear fome naturifts fay, that nature, tho’ not an in- 
U2 corporeal 
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Puysics. corporeal Being, is of an order fuperior to mere matter. For, who can 
\AYNY clearly conceive an order, or-kind of Beings, that fhall be real fubftances, 

and yet neither corporeal, nor immaterial? Nor do I fee, how the fup- 
pofition of this unintelligible, at leaft unintelligent Being, tho’ we fhould 
grant it to havea kind of life, or foul, will much affift us to folve phenomena. 
To draw, at length, towards a conclufion; what we have here deliver’d 
upon this fubjeét, may, perhaps, do fome fervice both to natural pli- 
lofophy, and to religion. . 
The wf andad- We have ‘attempted to diffuade philofophers from often employing, and 
rig of this sthout ereat need, aterm, which, by reafon of its great ambiguity, and 
the little care taken by fuch as ufe it, to diftinguifh its different acceptions, 
occafions both a great deal of darknefs, and confufion, in what men fay 
and write about things corporeal; and a multitude of controverfies, where- 
in really they wrangle about words. And this difcourfe may, poffibly, 
wean many from the fond conceit they cherifh, that they underftand, or 
explain a corporeal fubjeét, or a phenomenon, when they aicribe it to 
nature. For, to do that, one need not bea philofopher ; fince a peafant 
may eafily do the fame. 

A man has never well perform’d the part of a true philofopher, till he 
circumftantially, or particularly, deduces the phenomenon he confiders, 
by intelligible ways, from intelligible principles; which he will be con- 
ftantly put in mind of doing, or difcover that he hath not done, if, by 
forbearing general and ambiguous terms, he endeavours to explain things, 
by expreffions that are clear to all attentive readers. And this perfpicuous 
way of philofophizing fhould be greatly recommended, by the valuable dif- 
coveries which thofe who employ’d it, have happily made, in hydrofta- 
tics, optics, anatomy, botanics, and many other parts of real learning. 

Our doétrine may, alfo, be ferviceable to religion in three refpects. 

And, firft, it may. keep many, who were inclined to have an exceffive 
veneration for what they call nature, from running into thofe extravagant 
and facrilegious errors, that have been, upon plaufible pretences, embraced, 
not only by many of the old heathen philofophers, but by feveral modern 
profeffors of chriftianity. | 

Secondly, it may conduce to juftify fome remarkable proceedings of 
divine providence, againft thofe who boldly cenfure it, upon the account 
of fome things they judge to be phyfical irregularities ; fuch as monfters, 
earth-quakes, floods, eruptions of vulcano’s, famines, Oc. . For, accord- 
ing to us, 

1. God is a moft free agent, and created the world, not out of ne- 
ceffity, but voluntarily ; having framed it ashe pleafed, and thought fit, 
at the beginning of things; when there was no fubftance but himfelf, and, 
confequently, no creature, to which he could be obliged, or by which he 
could be limited. | | 

2. God having an underftanding infinitely fuperior to that of man, in 
extent, clearnefs, and other excellencies; he may, rationally, be fuppos’d 
to have framed fo great and admirable an automaton as the world, a 

the 
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the fubordinate engines comprized in it for feveral ends and purpofes; Puysics 
{ome of them relating chiefly to his corporeal, and others to his rational Vn: 
creatures : of which ends,. he hath vouchfafed to make fome difcoverable : 
by our dim reafon ; whilft others are, probably, not to be penetrated by 

it, but lie conceal’d in the deep abyfs of his untearchable wifdom. 

3. It feems probable, that this moft excellent and glorious Being thought 
fit to order things fo, that both his works and actions might bear fome 
marks of his attributes; and, efpecially, to ftamp upon his corporeal 
works fome tokens, or imprefies, of his divine wifdom, difcernible by the 
human mind. dorernten: : 

4. Upon this fuppofition, it became the divine author of the univerfe 
to give it fuch a ftructure, and fuch powers, and to eftablifh among its 
parts fuch general and conftant laws, as beft fuited his purpofes in 
creating the world ; and to give thefe univerfal laws, and particular parts, 
or bodies, fuch fubordinations to one another, and fuch references to-the 
original fabric of the grand fyftem of the world, that, on all particular 
oceafions, the welfare of inferior, or private portions of it, fhould be- 
only fo far provided for, as their welfare is confiftent with the general 
laws by him fettled in the univerfe ; and with fuch of thofe ends, that he 
propos d to himfelf in framing it, as are more confiderable than the. wel-- 
fare of thofe particular creatures. 

s. The laft fervice that, I hope, our dottrine may do religion; is;, 
to induce men to pay. their admiration, their praifes, and their thanks, 
dire€tly to God himfelf; who isthe true and only creator-of the-fun; 
moon, earth, and thofe other creatures, that men call the works of na-~ 
ture. And in this way of exprefling their veneration of the true:God, 
and their gratitude to him, they are warranted by the examples of the. 
ancient people of God, the Jraelites ; and not. only by the infpired perfons 
of the old teftament, but-by the promulgators of the new, and even by 
the celeftial  {pirits ; who, 3. the Revelation of St. Fohz, are introduced 
praifing and thanking God hirafelf for his works ; without taking any 
notice of his pretended vicegerent, nature... | | 
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1. Whether, indefinitely fpeaking, there be any final caufes of things 
corporeal, knowable to men 2 2. Whether, if that queftion be re- 
folv’d in the affirmative, we may confider final caufes in all forts of bodies, 
or only in fuch as are peculiarly qualified > 3. Whether, or in what 
fenfe, the acting for ends may be afcribed to an unintelligent and inani- 
mate body ? 4. And laftly, how far, and with what cautions, arguments 
may be framed upon the fuppofition of final caufes > 
Whether she $- To begin with the firft queftion. Thofe who would exclude final cau- 
oiled fes from the confideration of the naturalift, feem to do it, either becaufe, 
ave knowable 9 with Epicurus, they think the world was produc’d by atoms and chance, 
eae without the intervention of a Deity ; and, confequently, that ’tis in vain to 
feek for fuch caufes: or becaufe, with Des Cartes, they imagine, that God 
being omnifcient, ’tis rafh and prefumptuous for men to think they know, 
or can difcover what ends he propos’d to himfelf, in his creatures. The 
fuppofition on which the Epicureans have rejected final caufes, has been dif 
-allow’d by the philofophers of almoft all other feéts 3 and fome have writ- 
ten fufficient confutations of it: I fhall; however, in the progrefs of our 


work, 


] Here propofe to deliver my thoughts upon thefe four queftions, 
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work, make fuch occafional obfervations, as may ferve to difcredit fo un- Puysics.. 
reafonable an opinion. But the Cartefian argument having been fo preva- LAW)” 
lent among learned and ingenious men, I thall beftow the more pains in the 
confideration of that. } 

One thing, perhaps, that kept fo great a philofopher as Des Cartes, from 
aliowing the confideration of final caufes in phyfics, was, that the {chool- 
philofophers, and others, are apt to propofe it too unwarily ; as if there: 
were no creature in the world, that was not folely, or chieHy defign’d for 
the fervice ofman. And, indeed, Ihave feen a body of divinity, pub- 
lifh’d by a famous author, wherein he urges this argument for the an- 
nihilation of the world; “‘ That fince the world was made for the fake of 
“man, in his travelling capacity ; when once man is poflefs’d of his ever-- 
“ Jafting ftate of happinefs, or mifery, there will be no further ufe of the- 
“world. *” ‘The opinion that gives rife to fuch prefumptuous and unwar- 
rantable expreffions, was, as I conjecture from his objection, very fhocking . 
to Des Cartes ; but the indifcretion of men ought not to prejudice truth, - 
which is not tobe thrown away with the groundlefs conceits that fome~ 
people have pinn’d upon it. 

Since then, I cannot clofe in either with the doétrine of the Epicureans, . 
_ or Cartefians, I fhall leave each party to maintain its refpeCtive opinion, and. . 
proceed to declare my own: but, to clear the way, tis neceflary to premife > 
a diftinction. 

In {peaking of the ends which the author of nature is faid to have in Fd eis 
things corporeal, any of thefe four particulars may be fignified. fim? 

Firft, Some grand and general ends of the univerfe; fuch as exercifing 
and difplaying the creator’s wifdom; the communication of his goodnefs, 
and the admiration and thanks due to him from his intelligent creatures, | 
Oc, And thefe ends, becaufe they regard the whole creation, I call the 
univerfal ends of God, or nature. i 

Secondly, Ina more reftrain’d fenfe, the ends defign’d in the number, 
fabric, fituation, and motion of great mafles of matter, that make large parts 
of the world; fince tis very probable, that thefe bodies, fuch as the fun, 
moon, fix'd ftars, and the terraqueous globe, were fo framed, and placed, as. 
not only to perfevere in their own prefent ftate, but,alfo to conduce to the 
univerfal ends of the creation, and the good of the whole, whereof they are 
confiderable parts. Upon which accounts, thefe ends may be call’d cof- 
mical, or fyftematical; as they regard the fymmetry of the great fyftem of 
the world. i 

Thirdly, ends that more peculiarly concern the parts of animals, and, 
perhaps, plants too ; or thofe to which the particular parts of animals 
are deftined for the welfare of the whole creature, confider’d as an en- 
tire and diftinct fyftem of. organiz’d parts, defign’d to preferve him(felf, 
and propagate his fpecies;!upon that ftage to which his dtruéture, and 
eircumftances determine him to act his part. And thefé ‘ends, to di- 
ftinguifh ‘them from others, may be call’d animal ends. 


Laftly, 
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Laftly, The fame expreffion may fignify another fort of ends, which, be- 


AYN caufe they relate particularly to man, may be called human ends; and are 


thofe aimed at by nature, where fhe is faid to frame animals, vegetables, 


Oc. for the ufe of man. Andthefe ends may farther be diftinguifh’d into 
mental and corporeal ; not only.as man is an animal framed, like others,for 
his own, prefervation, and the propagation of his fpecies ; but alfo, as he is 
made to have dominion over other animals, and works of nature, and fitted 


tomake them fubfervient to his purpofes. ‘his diftin@tion being thus fet- 


tled, I declare my diflent, as well from the vulgar notion of final caufes, 
which allows of none but thofe we have call’d human ones ; as from theirs 


‘who wholly reject them all. - 


Tis an acknowledg’d principle of the Cartefian philofophy, that there 
is always the fame quantity of motionin the world* ; becaufe, fay they, 
there is noreafon why God, who is immutable, fhould, at the beginning 
of things, have given fuch a quantity of motion to matter, as fhould need to 
be afterwards augmented, or leflen’d. But do not.thofe who employ 


‘this negative argument, take upon them to judge of the ends that God 


may have propos’d to himfelf in natural things ? For, without fuppofing 
that they know what God defign’d in fetting matter in motion, ‘tis hard 
for them to fhew, that his defign could not be beft accomplifh’d by fome- 
times adding to, and fometimes taking from the quantity of motion, he 

originally 
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“<The vis inertia, {ays 
that great philofopher, is a paflive prin- 
ciple, by which bodies perfift in their 
metion, or reft ; receive motion in.pro- 
portion to the force impreffing it, and 
refiftas muchas they are refifted. By this 
principle, alone, there could never have 
been any motion in the world. Some 
other principle was neceflary for put- 
ting bodies into motion ; and now they 
are in motion, fome other principle is 
neceflary for conferving the motion. 
For, from the various compofition of 
two motions, ‘tis very certain, there is 
not always the fame quantity of mo- 
tion‘in the world. ‘For, if two globes 
join’d by a flender rod, revolve about 
their common centre of gravity, with 
an uniform motion, while that centre 
moves .on ‘uniformly, in a right line, 
drawn in the plain of their circular 
motion; the fum of the motions of 
the two globes, as often as the globes 
are inarizht line, defcribed by their 
common centre of gravity, will be big- 


* Sir [/, Newton makes it evident,that there |“ when they are in a line perpendicular 
is not always the fame'quantity of mo- 
tion in the world. 


to that right line. By this inftance it 
appears, that motion may be got or 
loft. But by reafon of the tenacity of 
fluids, and attrition of their iit 
and the weaknefs of elafticity in folids, 
motion is much more apt to be loft, 


than:got; and is always upon the de- 


cay. For, bodies which are either ab- 


folutely hard, or fe foft as to be void 


of clafticitv, will not rebound from 
one another. Impenetrability makes 
them only ftop. If two equal bodies 
meet direftly in vacuo, they will, by 
the laws of motion, ftep where they - 
meet, and lofe all their motion, .and 
remain at reft ; unlefs they be elaftic, 
and receive new motion from their 
{fpring. If they have fo much elafticity 
as fuflices to make them rebound with 
q or 5, or 3 of the force with which 
they come together, they will lofe 3, 
or =,or , of their motion. And this 


2 


“may be tried, by letting two equal 
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pendulums fall againft one another from — 
equal heights. If the pendulums be of 
lead, or foft clay, they will lofe all, 


ger than the fum of their motions,,. or almoftall their motions ; if of ela- 


“¢ ftic 


_ Final Caufes of Natural Things. 
originally communicated to matter. And, I think, it may be worth confi- 
dering, whether by this do€trine of theirs, the Cartefians do not more take 
upon them, than other philofophers, to judge of God’s defiens. For, ifa 
man be known for very wife, and to have various ways af compaffing his 
feveral ends ; he who, feeing fome of thofe ways have a direct tendency 
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to a rational end, fhall conclude that end to be one of the number intended, 


thereby exprefles more refpeét to that man, than he who 


fhould conclude, 


his end cannot be fuch; and that he has no other defign knowable, ex- 


cept a certain general one. 
that a particular end, for which an engine is 


And, indeed, it feems more eafy to know, 


proper, may, among others, 


be intended by the artificer, tho’ never fo skilful; than to know negatively, 
that he can have no other than fuch a certain end. 

And how will a Cartefiaux be fure, that among the many ends he grants 
God may have propofed to himfelf, in the produétion of his mundane crea- 


tures, one isnot, that we, whom he has made 


intelligent Beings, and capable 


of admiring and praifing him, fhould find juft caufe to do fo, for the wif 


dom and goodnefs he has difplay’d in the 
could not well difcern, and celebrate, unlefs we 


world 2? Which attributes we 


knew that the crea- 


tures were made for fuch ufes, and that they are exceedingly well fitted to 
alledg’d to prove, that the quantity 


them. God's immutability is, indeed, 
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ftic bodies, they will lofe all but what 
they recover from their elafticity. If 
it be faid, thar they can lofe no motion 
but what they communicate to other 
bodies, the confequence is, that ix 
vacuo they can lofe no motion; but, 
when they meet, muft go on, and pene- 
trate one another’s dimenfions. If three 
equal round veffels be fill’d, the one 
with water, the other with oil, and 
the third with melted pitch ; and the 
liquors be ftirred about alike, to give 
them a vortical motion; the pitch, by 
its tenacity, will lofeits motion quick- 
ly ; the oil, being lefs tenacious, will 
keep it longer; and the water, being 
lefs tenacious, will keep it longeft ; but 
yet will lofeit in afhort time. Whence 
it is eafy to underftand, that if many 
contiguous vortices of melted pitch, 
were each of them as large, as fome 
fuppofe to revolve about the fun and 
fixd ftars; yet thefe, and all their 
parts, would, by their tenacity and ftiff- 
nefs, communicate their motion to one 
ancther, till they all refted among 
themfelves. Vortices of oil, or water, 
orfome fluider matter, might conti- 
nue longer in motion ; but, unlefs that 
matter were void of al] tenacity,and at- 


trition of parts, and communication 
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motion, the motion would conftantly 
decay. Seeing, therefore, the va- 
riety of motion which we find in the 
world, is always decreafing, there is 
a neceflity of conferving and recruit- 
ing it by a€tive principles ; fuch as are 
the caufe of gravity, by which planets 
and comets keep their motions in their 
orbs, and bodies acquire great motion 
in falling ; and the caufe of fermenta- 
tion, by which the heart and blood of 
animals are kept in perpetual motion, 
and heat; the inward parts of the earth 
are conftantly warm’d, and, in fome 
places, grow very hot ; bodies burn and 
fhine; mountains take fire; the ca- 
verns of the earth are blown up ; and 
the fun continues violently hot, and 
lucid, and warmsall things by his light. 
For, we meet with very little motion 
in the world, befides what is owing to 
thefe attive principles, And, if it were 
not for thefe principles, the bodies of 
the earth, planets, comets, fun, and 
all things in them, would grow cold, 
and freeze, ‘and become inaQive mafles ; 
and all putrefaction, generation, vege- 
tation, and life, would ceafe; and the 
planets and comets would not remain 
their orbs.” Newtow. Optics p. 3725 
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Puysics: of motion never varies ; but to me’tis not evident why God’s having par- 
ZY ticular ends, tho’ fome of them feem to require a change in his way of 
24 , acting in natural things, muft be more inconfiftent with his immutability, | 
than his caufing many things, decreed from eternity, to be brought to 
pafs in procefs of time, And, particularly, it feems not clear, why God 
may not as well be immutable, tho” he fhould fometimes vary the quan- 
tity of motion in the world ; as he is, tho’, according to the opinion of 
moft Cartefiaus, he daily creates multitudes of actuating rational fouls, to 
unite them to lifelefs human bodies. I fay not this, as if I abfolutely 
rejected the Cartefan doctrine about the continuance of the fame quantity 
of motion in the whole mafs of matter. For whether that be trite or not, 
"tis no unufeful, or improbable hypothefis ; and I have not fo much argued 
againft that, as, upon the fame grounds they argue for it.” 
To come then to the thing itfelf; M. Des Cartes objeéts, that ’tis a 
prefumption in man to pretend he is able to difcover the ends that the 
Omnifcient propofed to himfelf in the making of his creatures. Now I’ 
confider, by way of anfwer, that there are two very different ways, 
wherein a man may pretend to know the ends of God in his vifible works; 
for he may either pretend to know only fome of God’s ends in fome of his 
works, or he may pretend to know all his ends.. He who prefumes to. 
difcover God's ends, in this latter fenfe, will fcarce be excufed from a’ 
high prefumption, and no lefs a degree of folly. But to pretend to know 
God’s ends, in the former fenfe, is no prefumption ; and, to take notice 
of them, rather a duty. For there are fome things in nature, fo curioufly 
contrived, and fo exquifitely fitted for certain operations and ufes, that it 
feems little lefs than blindnefs in him who acknowledges a moft wife au- 
thor of things, not ta conclude, that,. tho’ they may, perhaps, have been 
defign’d for other ufes, yec they were alfo defign’d for thefe. Thus he who. 
conliders the admirable fabric of the coats, humours, and mufeles of the 
eye, and how excellently all thé parts are adapted to compole an organ of 
vifion, can fcarce help confefling, that the author of nature intended. it 
fhould ferve the animal, to which it belongs, to fee with. The Epicureans, 
indeed, who believe the world to have been produced merely by a cafual 
concourfe of atoms, may have a kind of excufe, which other philoiophers, 
who acknowledge a deity, want. ..Thus, the very fuppofition, for in- 
ftance, that a man’s eyes were made by chance, argues, that they need, 
have no relation to a defigning agent ; and the ufe that a man makes of 
them, may be either cafual too, or at leaft an effect of his knowledge, not 
of nature's. But when, upon the anatomical difletion, and the. optical 
confideration of this part, we find it to be as exquifitely fitted for an orsan 
of fight, as the beft artificer could have framed a little engine, eee 
defign’d for the ufe of feeing; it founds very harth to fay, that an artifi-: 
cer, who is too intelligent to do things by chance, or to make a curious a 
piece of work, without knowing to what purpote, should not defign it for 
an. ute to. which ’tis wholly adapted, | 
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' Tis poffible, indeed, he may have defign’d more ufes of it than one; and, Puysrcs. — 
perhaps, fuch as we cannot find out: however, among its feveral ufes, this, UF-¥ ee? 
to which we fee it fo admirably adapted, fhould be thought one. And I fee 
not how it magnifies God’s wifdom, or expreffes our veneration of it, to 
exclude from the number of his ends, in framing human eyes, that moft 
obvious and ready ufe, whichy we are fure, is made of them; and which 
they could not be better fitted for. ‘Thus, fuppofe a countryman, brought 
‘into the garden of a mathematician, fhould there fee one of thofe curious 
gnomonic inftruments, that fhew, at once, the place of the fun in the zodiac, 
his declination from the equator, the day of the month, the length of the 
day, Oc. it would, indeed, be prefumption in him, whilft unacquainted 
both with mathematics, and the feveral intentions of the artift, to pre- 
tend himfelf able to difcover all the ends for which fo curious and ela 
borate a piece was framed: but, when he fees it furnith’d with a ftile, 
with horary lines, with numbers, and, in fhort, with all the requifites of 
a fun-dial ; and manifeftly perceives the fhadow to mark, from time to 
time, the hour of the day; *twould be no prefumption in him to conclude, 
it a fun-dial ; whatever other ufes it was defign’d for. — | 

And I demand of thofe, who will not allow that any natural things 
are directed. to ends knowable by men, whether, if the divine author of 
them had really defign’d them for fuch ends, the things themfelves are not” 
fo framed and diretted, as in that cafe they ought tobe? And whether 
the fabric:and management’ of natural things do really countenance, or 
contradict our fuppofition ? : 

For my part, I confefs, I think it no difparagement to the wifdom of 
any agent whatfoever, to fuppofe his productions defign’d for fuch ends, 
among others, as they are excellently fitted for ; unlefs it appear’d that fuch 
ends were unworthy the wife agent. But that cannot be juftly faid in our 
cafe; fince “tis not injurious to the divine author of things, to believe 
that fome of the ends, to which he deftined feveral of his corporeal 
works, were to exert and communicate his goodnefs; and to receive from 
his intelligent creatures an ardent love, a high admiration, and an obfe- 
quious gratitude for having difplay’d fo much wifdom and beneficence in 
them. Bi a , 
And, indeed, I can by no means affent to the affertion of Des Cartes, 
that none of God’s ends in his corporeal works are more manifeft than 
others, but that all of them lie equally hid in the abyfs of the divine wif- 
dom; for there are many of his creatures, fome of whofe ufes are fo 
manifeft and obvious, that the generality of mankind have in all ages, and 
almoft in all countries, acknowledg’d them. And as to what he adds, 
that, in phyfics, all things ought to be made out by certain and folid rea- 
fons}; I anfwer, firft, that I fee not how God’s defigning fome of his 
works for particular ufes, amongft others, is inconfiftent with the phyfica! 
accounts of their creation. ‘Thus, a man may give a mechanical reafon 
of the ftruéture of every wheel, and other part ofa watch, and of their 
way of acting upon one another, rae rightly fet together ; and, in _ 
| 2 O 
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Puysics. of the contrivance and phenomena of the little machine ; tho’ he fuppofes 
ASY™N/ that the artificer defign’d it to fhew the hours. of the day, and tho’ he has 
that ufe in view, whilft he explains the fabric and operations of the watch. 
Secondly, I readily admit, that, in phyfics, we fhould ground all we de- 
liver updh as folid reafons as poffible ; but there is no neceffity that thofe 
~ yeafons fhould be always precifely phyfical, efpecially when we are treating 
not of any particular phenomenon, produced according to the courfe of 
nature eftablifhed in our fyftem ; but of the firft and general caufes of the 
world itfelf: from which caufes, I fee not why the final ufes that appear 
manifeftly to have been defign’d, fhould be excluded. And to me "tis not 
very material, whether in phyfics, or any other {cience, a thing be-prov'd by 
the peculiar principles of that {cience ; provided it be firmly prov'd by the 
common grounds of reafon. And here let me obferve, that’ the fundamen-.- 
tal tenets of Des Cartes’s own philofophy, are not prov’d by arguments 
ftriGly phyfical ; but either by metaphyfical ones, the more general dictates 
of reafon, or the particular teftimonies of experience. Thus, when, for 
inftance, he truly afcribes to God all the motion that is found in matter, 
and confequently all the phenomena that occur in the world ; he proves it 
not by a precife phyfical argument, that God, who is an immaterial 
agent, is the efficient caufe of motion in matter; but only hence, that 
fince motion does. not belong to the eflence and nature of matter, matter 
muft owe its motion to fome other Being: and then “tis moft agreeable to 
common reafon to infer, that fince matter cannot move itfelf, but muft 
be mov'd by fome other Being, that Being is immaterial; fince, otherwife, 
fome matter muft, contrary to the hypothefis, be able to move itfelf. 
And when Des Cartes attempts to demonftrate, that there is always the 
fame quantity of motion in the univerfe; and, confequently, that as much 
motion as one body communicates to another, it lofes itfelf; he proves it 
by the immutability of God, which is not a ftri€t phyfical argument, but 
rather a metaphyfical one ; as he had before provd, that God was. the 
caufe of all motion in matter, not by principles peculiar to phyfics, but 
by the common grounds of reafon. 

But tho’ Des Cartes fpeaks very dogmatically and univerfally againft 
mens pretending to know any final caufe in natural things; yet I have 
met with a paflage in his writings, where he feems to {peak more cau- 
tioufly, and oppofes.their opinion, who teach, that God had no other end 
in making the world, than that of being praifed by men. His words are 
thefe. “ *Tis felf-evident, that we cannot know the ends of God, unlefs 
“* he reveals them to us; and fuppofing it morally true, that all things 

were made to the end that we fhould praife God for them in.which fenfe 
it may be faid, that the fun was made to give us light ; yet it would be 
very childifh and abfurd to fay, metaphyfically, that God, like a proud 
man, had no other énd in making the world, but to be prais’d by men 
for it; and that the fun, which is vaftly larger than the earth, was. 
“* wholly defign’d to give us light, who inhabit but a very {mall part of the 
“ furface of the terraqueous globe.” But he, at the fame time, delivers two 
~ OX 
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or three other things, wherein I cannot acquiefce.. As, firft, that *tis felf- Prysics, 
evident, we cannot know the ends of God, unlefs he himfelf reveals them USYAJ 
to us. For what he here fays to be felf-evident, is not fo to the generality 
of mankind, or even of philofophers; and, therefore, I think it ought not 
to be barely .afferted, but provd. Inthenext place, he does not fhew how 
we are obliged to praife God for his works, if God had no intentions 
that we fhould do fo, or that we fhould difcover none of the ends for 
which he defign’d them. Ifa judicious man fhould fee a book written in. 
fome language which he is an utter ftranger to, and fhould know nothing 
farther of it than that “twas compofed by a very intelligent phyfician ; he 
might, indeed, conclude, that it was not written by chance ; but could not, 
by infpeCting the book itfelf, be convinced, that it was form’d with great 
skill and kindnefs, and deferv’d his praife and thanks ; fince he was un- 
able to know any of the particular ends to which the feveral chapters of 
it were defign’d; and, confequently, could not fee how well they were 
fitted to anfwer fuch ends. What Des Cartes fays, that it is childifh and 
abfurd to think God had created the fun, which is vaftly bigger than 
the earth, only to afford light to a {mall number of men, is fomewhat in- 
_vidioufly propos’d ; for there are few eminent writers who confine the 
utility of the fun directly to its affording light to man: and the {mall bulk 
of mankind ought not to make it feem abfurd, that God may have had 
an efpecial eyeto their welfare in framing that bright globe; fince that. 
moft excellent machine, the human body, appears to be a more admirable 
thing than the fun: befides, the rational and immortal foul that refides in 
it, is incomparably more noble than a thoufand mafles of brute unor- 
ganized matter can be juftly reputed. And fince, in this very difcourfe, 
our author confefles that we may know the ends of God’s corporeal works, 
if he reveal them to us; a chriftian philofopher may be allow’d to think 
the fun was made, among other purpofes, to enlighten the earth, and for 
the ufe of man: fince the fcripture. teaches, that not only the fun and 
moon, but the flars of the firmament, which Des Cartes, not improbably, 
thinks to be fo many funs, were made to give light to the earth, and were 
divided to all the nations that inhabit it. Perhaps it were not rafh to 
add,. that we may know, fome of God’s ends in things corporeal, 
without leflening our veneration of his wifdom; as we know fome of 
them in cther matters, of which the fcriprure furnifhes us with a, multi- 
tude of inftances; as, particularly, 0d’s facrificing for his friends, and. 

_ the declared ufes of the Urim and Ihummim : fince God may, if he pleafes, 

declare truths to men, and inftruct them by his creatures and actions, 

as well as by his word. And thus he taught Noah by a rain-bow, and/. 

Jonah by a gourd and a worm; and regulated the encampents of the 

Hraelites by the guidance of a cloud, and a fiery. pillar. _ Laftly, Des 

Cartes objects, that thofe he diffents from, talk as if they look’d upon God. 

as a proud man, who defign’d his works only to be praifed for them; but 

{ know not whether he herein {peaks fo cautioufly and reverently of God, 

as he onght, and elfewhere ufesto do. For as humility, tho’ a virtue in men, 
AS 
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Puysics. is extremely remote from being any of God’s perfettions ; fo that may be’ 

\SVN/ pride ina man, who is but a creature imperfect, dependant, and having’ 
nothing of his own, which wou’d be none at all in the creator, who isinca= 
pable of vice, and who may, if he pleafes, juftly propofe to himfelf his 
own glory for one of his ends, and both require and delight to be prais’d 
by men for his works; fince he is moft worthy of all praife, which it is 
their duty and reafonable fervice to pay him. | 

°Tis not without concern, that I find myfelf obliged thus to oppofe 
fome fentiments of M. Des Cartes, for whom I have, otherwife, a great 
efteem ; for I am not at all of their mind, who think that author a favourer 
of atheifm, which, to my apprehenfion, would fubvert the very foundation 
of his own philofophy. But, judging that his doétrine, as generally under= 
ftood, as to the rejection of final caufes from the confideration of philofophers, 
tends to weaken one of the beft, and moft fuccefsful arguments for the 
being of a God, whom they ought to admire, praife, and reverence ; I think 
it my-duty to prefer an important truth before my refpeét to any man, 
how eminent foever, who oppofes it; and to confider more the glory of 
the great author of nature, than the reputation of any of her inter- 
reters, 

i And to confirm what I have hitherto deliver’d, *tis remarkable that the 
excellent contrivance of the great fyftem of the world; and efpecially the 
curious fabric of animal-bodies, with the ufes of their feveral fenfes and 
parts, have been the great motives, which in all ages and nations induced 
philofophers to acknowledge a Deity; and that the nobleft and moft intel- 
lectual praifes have been paid him by the priefts of nature ; as proceding from 
the tranfcendent admiration rais‘d in them by the attentive contemplation 
of the fabric of the uniyerfe, and of the curious ftru€tures of living crea- 
tures. And, therefore, it feems injurious to God, as well as unwarranta- 
ble in itfelf,; to banifh from natural philofophy the confideration of final 
caufes ; from which, chiefly, I cannot but fuppofe that God muft reap the 
honour due to thofe glorious attributes, his wifdom and his goodnefs. 
And, I confefs, I fomewhat wonder, that the Cartefians, who have gene- 
rally, and fome of them with skill, maintain’d the exiftence of a Deity, 
fhould endeavour to make men throw away an argument, which the ex- 
perience of all ages fhews to have been the moft fuccefsful, and in fome 
cafes the only prevalent one, to eftablifh, among philofophers, the belief and 
veneration of God. I know the Cartefians fay, that their mafter has de- 
monftrated the exiftence of a God, by the innate idea men have ofa 
Being infinitely perfeét, who left it upon the human mind, as the mark of 
an artift imprefs’d upon his work ; and that they alfo afcribe to God the 
creation of matter out of nothing, and its motion; which fufficiently argue 
the immenfity of his power. But tho’I would by no means weaken the 
argument drawn from the innate notion of God, fince many learned men _ 
have acquiefced in it ; yet why may we not reafonably think, that God, 
who has taken care men fhould acknowledge him, may have alfo provided 
for the fecuring a truth of fo great confequence, by ftamping characters, or 
- leaving 
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Jeaving impreffions of his wifdom and goodnefs, as well externally upon P 


the world, as internally upon the mind? ‘The bare contemplation of the 
fabric of the world, without confidering any part of it as deftin’d to cer- 
‘tain ufes, may ftill leave men unconvinced that there is any intelligent, 
wife, and provident author and difpofer of things ; fince we fee, the Ari/to- 
teliaus, notwithftanding the extent, fymmetry, and beauty of the world, 
generally believed it to have been eternal. And tho’ they did not allow it 
to have been created by God, yet becaufe they aflerted that animals, 
plants, Oc. aét for ends ; they were obliged to acknowledge a provident 
and powerful Being, that maintain’d and govern’d the univerfe, which 
they call’d Nature ; tho’ they often dangeroufly miftook, by confounding 
this Being with God himfelf ; and at other times fpeaking of it as co- 
‘ordinate with him ; as in that famous axiom of Ariftorle, “ God and nature 
“ do nothing in vain.” I acknowledge, therefore, that as I fet a juft value 
‘upon the Cartefiau proof of God’s exiftence ; fo I fee no reafon why we 
fhould give up any other ftrong argument, that proves fo noble and impor- 
‘tant a truth ; efpecially fince the Cartefaw way of confidering the world,. 
tho’ very proper, indeed, to fhew the greatnefs of God’s power, does not, 
like the way I plead for, manifeft that of his wifdom and beneficence. For 
‘while a Cartefian only fhews, that God is admirably wife, upon the fuppo- 
fition of his exiftence ; the fame thing is manifefted in our method, by the 
effect of a wifdom as wellas power, that cannot reafonably be afcribed to 
any other than a moft intelligent and potent Being: fo that by this means 
‘men may, at once, be brought to acknowledge God, to admire him, and. 


to praife him. . 
| STs a nel Ale ob 
B EFORE I prcceed to the fecond queftion; Whether we may con- 
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caufes are to be 


fider final caufes in all forts of bodies, or only in fuch as are pecu- expected in all, 


liarly qualified 2? I muft divide natural bodies into animate and inanimate. ° 


r only in fome: 
particular bo- 


The former term I here take in the larger fenfe, to comprehend not only dies? 


animals, but vegetables; tho’ I fhall not rejeét the opinion of thofe, who 
are unwilling to allow plants fuch a foul or life, as is confefledly granted 
to animals. | : 

- Of the inanimate bodies of the univerfe, the nobleft, and thofe which 
chiefly deferve to be confider’d on this occafion, are the fun, planets, Oc. For 
when men faw thofevait luminous globes, and efpecially the fun, to move fo. 
conftantly and regularly about the earth; diffufing thereon both light and 
- heat, and by their various revolutions to produce day and night, fummer and. 
‘winter, and the viciffitudes of feafons; they concluded, that thefe motions 
were guided by fome divine Being, and defign’d for the benefit of man.. 
Whether this be a demonftrative proof, I fhall not now debate; but furely 
it may carry thus much of probability with it, that in cafe a. man thall 
think the fabric of the celeftial bodies was the production of an intelligent 
and divine agent, the irregular phenomena will not contradict him; fince 


there _ 
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Puysics. there is nothing in that fabric, unworthy a divine author: and the motions 
_M and efiects of the fun and ftars may well allow us to think, that, among 
other purpofes, they were made to illuminate the terreftrial globe, and 
bring heat and other benefits to the inhabitants of it. So that the con- 
templation of the heavens, which fo manifeftly declare the glory of God, 
may juftly excite men both to admire his power and wifdom in them ; and 
sto return him thanks and praifes for the great advantages we thence re- 
ceive. Onthe other hand, it may be faid, that in bodies inanimate, whe- 
ther the portions of matter they confift of, be greater or lefs ; the contri- 
vance is very rarely fo exquifite, but that the various motions and. occur- 
fions of their parts may, without much improbability, be fufpected capable, 
after many eflays, to caft one another into feveral of thofe circumvolutions 
call'd by Epicurus ouseseds, and by Des Cartes, Vortices; which being once 
made, may continue a long time, after the manner explain’d by the latter. 
But allowing this hypothefis to be poffible; when I confider that we are 
not yet fufficiently acquainted with the true fyftem of the world, nor 
ufually fenfible how {mall a part the terreftrial globe makes of the uni- 
verfe; Iam apt to fufpedt, that men often affign the fyftematical ends 
and ufes of the celeftial bodies upon flender evidence ; concluding them 
made and moved only for the fervice of the earth, and its inhabitants. 
And tho’ I will not deny, that as we actually receive benefits by the efta- 
blifhed order and motion of the heavenly bodies, fo one of the feveral ufes 
intended by the author of nature, may particularly regard our fpecies ; 
yet perhaps “twill not be eafy to prove, that fome of thofe bodies and mo- 
tions are not rather intended for other purpofes, than to caft their beams, 
or fhed their influences upon the earth: at leaft, it feems probable to me, 
that the fituations of the celeftial bodies do not afford, by far, fo clear and 
‘cogent arguments of the wifdom and defign of the author of the world *, 
as do the bodies of animals and plants. And for my part, I think I fee 
more of admirable contrivance in the mufcles cf a human body, than in 
what we yet know of the aftronomical world: and the eye of a fly, a$ 


far as appears to us, feems to be a more curious piece of workmanfhip, 
than the body of the fun itfelf. 


* As a noble inftance of wifdom and | ‘¢ Mercury, *twonld prefently exhale in 
defign in the fituation of the planets, take | ‘ vapour. For the fun’s light, to which ~ 
‘an obfervation of the great Sir I/, Newton. | “‘ his heat is proportionable, is feven 
“* Thofe planets, fays he, have the great- | ‘* times more denfe in the orbit of Mer- 

er denfity, ceteris paribus, which are | “ cury, than with us; andI have found, 
placed neareft the fun. Thus Fupiteris | “ by the thermometer, that water will 
more denfe than Saturn, and the earth | * boil with a heat feven times as great 
more denfe than Fupiter. For it was | “ as that of the fummer’s fun. But the 
neceflary to place the planets at diffe- | ‘‘ matter of Mercury is, doubtlefs, fitted for 
rent diftances from the fun, that each | “ heat; and therefore muft be denfer 
might receive a greater or a lefs de- | “ than that of our earth: fince all denfe 
gree of his heat, according to its den- | “ matter requires a greater degree. of 
ee ee E If our earth were placed in the | ‘ heat, to perform the operations of na- 
** orbit of Saturn, the water of it would} ‘“ ture." Newton. Princip. p. 372. 
“ be frozen up; and if in the orbit of ches pistes 
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As for other inanimate bodies, the matter whereof feems unorganiz’d, Puysres. 
tho’ there be no abfurdity in fuppofing that thefe were alfo made for OT a aw) 
diftinét and particular purpofes, if not alfo for human ufes ; yet moft of © 
them are of fuch eafy and unelaborate textures, as to make it feem poffi- 
ble, that various occurfions and juftlings of the parts of the univerfal mat- 
ter might, at one time or other, have produced them : fince we fée, that 
in: fome chymical fublimations and cryftallizations of mineral and metalline 
folutions, and other phenomena, where the motions appear not to be 
particularly guided and direéted by an intelligent caufe, bodies of as va- 
Ylous textures as thofe are producible. 
| Afit befaid, that fuppoling chance, or any thing elfe, without the par 
ticular guidance of a wife and all-difpofing caufe, can make a finely-fhaped 
ftone, or a metalline fubftance, growing, as filyer fometimes does, in the 
form of a plant; ought we not to allow, that chance may alfo make ve- 
getables and animals? I can. by no means grant the confequence. For. 
there are fome effects fo eafy, and readily to be produced, that they do 
not infer any knowledge or intention in their caufes ; whilft there are others 
that require fuch a number and conjunttion of confpiring caufes, and 
fuch a continued feries of motions or operations, that ’tis utterly impro- 
bable they fhould be produced without the fuperintendency of a rational- 
agent, wile and powerful enough to range and difpofe the feveral inter- 
» vening materials and inftruments, in a manner neceflary to produce fuch 
a remote effect : it will not therefore follow, that, if chance could produce 
- a flight contexture in a few parts of matter, we may fafely conclude it 
able to produce fo exquifite and admirable a contrivance, as that of the 
body of an animal. What does it argue then, if fometimes, in fawing 
"pieces of variegated marble, we happen to meet with the delineations or 
pictures of towns, woods, and men? For, befides that the delightfulnefs 
and rarity of fuch fpectacles inclines the imagination to favour them, and 
to fupply their defects ; would any wife man conclude from hence, that a 
real town or wood, much lefs numbers of men, should be made by fuch a 
fortuitous concourfe of matter ?. What comparifon is there betwixt the 
‘workmanfhip that feems to be exprefs’d in a few irregular lines, drawn 
~ upona plane, with perhaps two or three colours luckily placed, and the 
great multitude of nerves, veins, arteries, ligaments, tendons, membranes, 
bones, glands, Oc. required to ccompofe a human body; every one of 
the numerous parts whereof, muft have its determinate fize, figure, con-= 
fiftence, fituation, connexion, Gc. and many, or ail of them together, 
confpire to exercife and perform determinate funétions and ufes? And, 
indeed, I never faw any inanimate produétion of nature, of, as they 
_fpeak, of chance, whofe contrivance was comparable to that of the meaneft 
limb of the moft defpicable animal; nay, there is infinitely more art ex- 
prefs’d-in the ftru€ture of a dog’s foot, than in that of the famous clock 
at Strasburg. | | ge K | f | Eider? mask 
And tho’ the paw of a dog be far inferior in its ftruéture to the hand of? dias in te 
aman, yet-even this is incontiderable, if compared to the eye; the feveral hepapph ice 
-*-Vo1, IL. SE Oe PACS parts,of animals 
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Puysics. parts whereof, how numerous foever, could none of them be fpared or 

YS alter’d; unlefs for the worfe; as may appear from thofe many difeafes ob- 
ferv’d in that {mall admirable organ: for each of thofe difeafes confifts in 
this, that the humours, or other parts of the eye, are brought to a flate 
different from that whereto nature had. defign’d it. ~“I'would be tedious 
to enumerate the feveral diftempers of the eye ; wherefore I fhall only 
mention two or three particulars, wherein one would fcarce imagine that 
a {mall recefs from the natural ftate could bring any confiderable or fen- 
fible inconvenience. ‘That which we call the pupil, is not a fubftantial 
part of the eye, but only an aperture of the uvea ; almoft perpetually 
changing its bignefs, according to the different degrees of light the eye 
chances to be expofed to. And therefore, it fhould feem, that whilft this 
hole remains open, it performs its office, by giving entrance to the inci- 
dent rays of light. And yet I lately faw a woman, who, after a fever, 
was not able to dilate the Pupilla of her eyes, as before; and tho’ they 
were but very little narrower than ordinary, yet fhe complain’d fhe had 
thereby almoft loft her fight. The preternatural conftriction of the pupil — 
is indeed no frequent diftemper; yet phyficians have given it a place among 
the ftated difeafes of the eye. And, on the other fide, tho’ a competent 
widenefs of the pupil be requifite toa clear and diftin& vifion; yet if its 
dilatation exceeds the due limits, there is thereby produced a diftemper 
worfe than the former ; becaufe it often almoft totally deprives the patient — 
of fight. It may feem alfo but a flight circumftance, that the tranfparent 
coats of the eye fhould be devoid of colour; and of as little moment, that 
the cornea fhould be very fmooth, provided it remain tranfparent: yet 
when either of thefe circumftances is wanting, the fight may be greatly vi- 
tiated. ‘Thus we fee, that in the yellow jaundice, the adventitious 
colour wherewith the eye is ting’d, makes the patient think he fees many 
objects yellow, which are of a contrary colour. And I know a gentleman, 
who having hada {mall puftule excited and broken upon the cornea, tho: 
the eye has long been cicatriz’d; yet a very little inequality or depreffion, 
that ftill remains upon the furface of that tranfparent coat, fo affects him, 
that when he comes into the open fields, or the ftreets, he for a pretty 
while thinks he fees objects very glaring, and as many others as men 
ufually do ftones at the bottom of clear water: which I impute to the want . 
of uniformity in the refraétion of thofe reflected rays of light, that fall 
upon the unequal furface of the cornea. To give a further proof, that 
the eye was made with defign, I fhall here take notice of an obfervation 
or two, that do not occur in the diflection of that part, and are therefore 
often unobferv’d by anatomifts. 

I have found in frogs, that, befides thofe parts. of the eye which they 
have in common .with men, dogs, cats, and moft other animals, thereis — 
a peculiar membrane or cartilage, which is not commonly perceiv’d; 
wherewith they can at pleafure cover the eye, without too much ~ 
hindering the fight, becaufe the membrane is both tranfparent and ftrong; 
fo that it may pafs for a kind of moveable cornea, or occafional fafe-guard 

to 
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to the eye. In furnifhing frogs with this ftrong membrane, the providence Prysrcs. 
of nature feems very con{picuous 3 for, they being amphibious creattires, 4 | 
defign’d to pafs their lives in watery places, which, for the moft part, 
abound in plants, endow'd with fharp edges, or points ; and the pro- 
ereffive motion of this animal, being not by walking, but by leaping, if 
his eyes were not provided with fucha cafe, he muft either fhut them, and 
fo leap blind-fold ; or, by leaving them open, muft run the risk of having 
the cornea cut, prick’d, or otherwife offended ; whilft this membrane, as 
was faid, is like a kind of fpectacle, that covers the eye, without taking 
away the fight: and as foon as the occafion for it is over, the animal 
withdraws it into a little cell, where it refts till its ufe be again re- 
quired. ‘This membrane becomes vifible, by applying the point of a pin, 
or any fuch fharp thing, to the eye of a frog, whilft his head is held 
fteady ; for to fcreen his eye, he will prefently cover it therewith, and af- 
terwards withdraw it, upon a removal of the fufpefted danger. And 
becaufe many birds are deftin’d to fly among the branches of trees, and 
bufhes; left, by this means, the prickles, twigs, leaves, @c. fhould wound 
or offend their eyes, nature hath alfo given them fuch another kind of 
horny membrane, as we find in frogs. 

Tis known that men, and moft four-footed beafts, and birds, have fe- 
veral mufcles belonging to their eyes, by the help of which, they can turn 
them any way ; and fo obvert the organ of fenté to the object. But na- 
ture, not having given that mobility to the eyes of flies, fhe, in recompence, 
furnifhes them with a multitude of little protuberant parts, finely rang’d 
upon the convex of their large bulging eyes : fothat by means of thefe nume- 
rous little ftuds, numberlefs rays of light are reflected from objeéts placed on 
either hand, above, or beneath the level of the eye, and conveniently fall 
upon that organ, to render the objects they come from, vifible to the ani- 
mal; and by the help of a good microfcope, and a clear light, fome hun- 
dreds of thefe little round protuberances may be difcover’d, curioufl 
rang’d, on the convexity of a fingle eye of an ordinary flefh-fly. S 
~ But fome may here pretend, that all organs of fight ought to be con- 
form’d tothofe of men; thefe being the beft, and moft perfe&t. And, 
indeed, man being juftly reputed the moft perfect of animals, it is not 
ftrange he fhould prefime, that his eyes, and other parts of his body, are 
the beft contriv’d of any to be found in nature ; yet we cannot, from hence, 
fafely conclude, that all eyes, which, in other animals, are of different ftru- 
&tures from thofe of man, fhould, for that reafon, be defective. For, 
firft, the admirable wifdom difplay’d by the author of nature, in fitting the 
- eyes, and other organical parts of animals, totheir feveral ufes, and the 
refpective functions we fee them exercife, may juftly perfuade us, that the 
things whofe reafons and ufes we do not alike difcern, are, neverthelefs, 
— moft wifely conftituted: God having too much knowledge to do any thing 
unskilfully ; and we having to much prefumption, if we {uppofe he had no 
ends in framing hiscreatures beyond the reach of our difcovery. And, 
fecondly, the eye is not to be confider’d abftractedly, as an inftrument of 

Xs vifion ; 
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Puysics. vifion: but as an inftrument belonging to an animal, that isto make ufe . 
7 of it in particular circumftances. And, therefore, it ought highly to re- 
commend the wifdom and providence of the great author of things, that 
he has furnifh’d various fpecies of animals, with organs of fight, very 
differently framed and placed ; fince this diverfity nobly manifefts his ~ 
great providence and knowledge, in having fo admirably fuited the eyes 
of all animals, both to the reft of their bodies, and to thofe parts of the 
great theatre of the world, on which he defign’d they fhall live and a&. 
‘Thus, tho’ feveral beafts, as horfes, oxen, Oc. have their eyes furnifh’d — 
with a feventh mufcle, befides the fix they fhare in common with men; we. 
muft not conclude, that either the organs of vifion are imperfecét in men, 
or that thofe of thefe beafts have fomething fuperfluous: for they being to 
feed, for the moft part, on the grafs of the field; and that they may the 
better chufe their food, being obliged to turn their eyes, for a long time _ 
together, downwards ; the feventh mufcle excellently ferves them for that 
purpofe, by enabling them to eontinue unwearied by fuch a pofture ; 
whilft man, who has no fuch neceffity ‘of looking affiduoufly downwards,. — 
‘would be only incumber’d by a feventh mufcle. be 
On the other hand, the deficiency obfervable in the eyes of fome ani-. 
mals, compared to thofe of man, may be afcribed to the juft contrivance: 
of nature, that, on moft oecafions, declines doing what is unneceflary to. 
the particular ends fhe aims at in the fabric of a part. ‘Thus..moles, be- 
ing deftin’d to !live, for the moft part, under ground, have their eyes 
fo little, in proportion to their bodies, that *tis commonly believ’d they 
have none at all; but, tho’ I have found the contrary, yet their eyes are 
very different from thofe of other four-footed beafts ; which need not be. 
wonder’d at, confidering that nature defign’d thefe creatures to live under 
ground, where fight 1s of no ufe; and where large eyes would be. more. 
expos d to danger: befides, their fight, as dim as it is, ferves them to per- 
ceive when they are no longer under ground ; which feems to be the moft 
neceflary intelligence they want from their eyes. | | 
"Tis obferved, that the organs of vifion in a camelion, are of a very 
uncommon fruéture ; fince, to omit other confiderable peculiarities, his. 
eyes often move. independently on each other; fo that, for inftance, he 
can look direétly forward with the right eye, and, at the fame time, _ 
directly backward, towards his tail, with the left ; or may turn the pu- 
pil of the former ftrait upwards, whilft the other is turn’d dire€tly down- 
wards. This peculiar power feems to have been granted him by provi- 
dence, that as he is a very low animal, and deftin’d to live, for the moft 
part, in trees and bufhes, and there to feed chiefly on flies; he may per- 
ceive them, which way foever they chance to come, within the reach of his 
tongue, which, being of a great length, he fuddenly darts out, and there~ 
with catches his prey. a 
Many fifth haye the cryftalline humour of their eyes almoft f{pherical; 
and, confequently, much rounder than it is found in man, and other ter- 
reltrial animals. And this difference of figure, tho’ it would be pail 
, or 
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for us, is very well accommodated to them ; fince they, living in the wa- 
ter, which, asa thicker medium, much more refraéts the rays of light than 
the air, thro’ which they pafs to our eyes; twas fit.their cryftalline hu- 
mour fhould be of that figure, to refrat the rays already refracted by 


the water, and thereby make them converge, fo as to-paint the images of. 


objects at the bottom of the eye. 

Should a perfon of curiofity furvey and confider the various fru€tures 
of the organs of vifion, in different animals, and compare them with the 
other, parts of the refpective animal ; the fcene he is defign’d to aé on; 
and. the ufes.each of them isto make of his eyes, in the moft ordinary cir- 
cumftances; he might, doubtlefs, offer a probable reafon of the diffe- 
rences.in thofe. organs, which, to a common obferver, would feem to be 
errors, or defectsin nature. Thus, tho’ the pupil of the eye be oblong in 
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horfes, oxen, and fome other quadrupeds, as well as in cats; yet, in the 


former kinds of animals, it lies tranfverfly from the right fide of the 
eye to the left, whilft, in cats, its fituation is perpendicular:-for horfes 
and oxen, being ufually obliged to find their food on the ground, they the 
more conveniently receive the images of the grafs, O'c. in a horizontal view, 
by having their Pupil tranfverfly placed ; whilft eats, being to live chiefly 
on rats.and mice, which are animals that ufually climb, and run upon 


fteep places; the moft commodious fituation of their pupil, for difcovering - 


and purfuing thefe. objects, is the perpendicular. But, to proceed: the- 


different ftructures, and fituations of the eye, in different animals, wonder- 


fully fhew-a great variety in the skill of the divine author. And, indeed, ifI. : 


might prefume to guefs at any of God’s ends, that are-not manifeft; E- 


fhould think that the delightful variety, we may obferve, not onlyin animals - 


themfelves, confider’das entire fyftems ; but in thofe parts of them» which 


appear deftin’d for the fame function ; as particularly, that the organ of © 
vifion was defign’d, at leaft,among other ends, to-difplay the great creator’s~ 
manifold wifdom; and to fhew, that his skill is not confined either to one » 


_ fort of living engines, or in their parts of the fame kind, tothe fame con- 


trivance ; but is able to make a multitude of. furprizing organs, all of © 


them curious, and exquifite in their kind, .with .xregard :to their different 

ufes. | | 
To be able to frame clocks-.and watches,.fhips, mills, @c. manifefts a far 
greater skill in an artificer, than the power of making but one of thofe en- 


eines, how perfectly foever he contriv’dit. And the fame fuperiority.of — 
knowledge would be difplay’d, by contriving engines of the fame kind, or-~ 


for the fame purpofes, after very different manners. 


Thus weights are of great ufe and neceffity in the-famous clock. of Straf- - 
burg; and therefore it recommends the contrivers of watches, that they give : 
them a very little and portable bulk, whichis wanting inthe Strasburg - 
machine. ; and ftill more, that they can make- a,clock -without. weights, . 


and fubftitute a fpring to perform their office.. 


_ And.thus tho” it {eems abfolutely neceffary,thatan animal fhould befurnifh’d | 
with feathers, in order to fly ; yet the wife creator hath fhewn, that he is . 
YS not: 
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Puysics. fot confined to apply them for that purpofe ; fince a flying-fith is able to 
: move a great way inthe air. And the Jzdies have lately afforded a fort 
of flying fquirrels, one whereof I faw, alive, at Whitehall. And tho’ the 
flight of thefe is fmall, yet there is another kind of animal, without fea- 
thers, that long continues upon the wing, and that is the bat ; fome whereof 
I have feen but little lefs than hens: and was affur’d, by a credible eye- 

witnefs, that, in the kingdom of Golconda, he had feen much bigger. 

This confideration is alone fufficient to juftify the wifdom of the cre- 
ator ; who, being a moft free, as well as a moft wife agent, men ought 
not to find fault, if he think fit to recommend his wifdom, by difplaying 
it in very different manners: tho’ there are many cafes wherein the lefs 
perfect fabric, or fituation, of an eye, or other organical part, may be more 
convenient than the correfpondent organ of man, to obtain the ends for 
which it was given to an animal defign’d to aé& upon its refpettive ftage, 
and live by its peculiar provifion. Befides, an organical part may, in 
fome animals, be intended for more ufes than in others; and, therefore, 
require a different ftrudture: as, in moles, the feet are aan framed, 
or fituated, from thofe of other quadrupeds ; becaufe the chief ufe they 
are to make of them, is not to walk upon the ground, but to dig them- 
{elves ways under it ; provident nature wifely fuiting the fabric of the 
parts to the ufes wherein they were to be employ’d: as, a mechanic em- 
ploys one contrivance of his wheels, pinions, Oc. when he makes a mill to 
be driven by water ; and another, when it is to be mov’d by the wind. 
The camelion has a tongue, both peculiarly fhaped, and of a length dif- 
proportionate to that of his body ; becaufe, as we before obferved, he is 
to take his prey, which are flies, by fhooting out that inftrument ; and 
could not side otherwife, approach very near them, without frighting 
them away. And, in many cafes, where this refleGtion does not fo pro- 
perly take place, we may obferve, there is a wonderful compenfation 
made for that which feems a defeét in the parts of an animal, of a par- 
ticular fpecies, compar’d with the correfpondent ones of an animal of 
fome other fpecies. Thus birds, which want teeth to chew their food, 
are not only furnifh’d with hard bills to break it ; and, birds of prey, 
with crooked ones to tear it; but, which is more confiderable, have crops 
to prepare and foften it, and very ftrong mufcular ftomachs, to digeft and 
grind it: in which work, they are ufually affifted by gravel, and little 
ftones, that they are led, by inftin&, to fwallow ; great quantities whereof 
are often found in their ftomachs. | 

Chance an ima- And let it be here obferv’d, that chance is really no natural caufe, or 
gma "agent, but a creature of man’s own making. For the things that are 
done in the corporeal world, are really done by the parts of the univerfal 

matter, acting and fuffering according to the laws of motion, eftablithed 

by the author of nature. But we men, looking upon fome of thefe parts 

as directed in their motions by God, or nature, and as difpofed to the 
attainment of certain ends; if, by the intervention of other caufes, that 

_ We-are not aware of, an effect be produced, very different from that which 

we 


Final Caufes of Natural Things. 167 
we {fuppofed was intended; we fay that effect was produced by chance: Puysics. 
fo that chance is indeed but a notion of ours, and fignifies no more than UG 
that in our apprehenfions the phyfical caufes of an effect did not tend to 
the production of what they have, neverthelefs, produced. And there- 
fore I wonder, that the philofophers who preceded Ariftotle, never treated 
of chance among natural caufes. 

And as fome ftones, of the moft curious fhapes, have embolden’d many 
favourers of Epicurus to fet them in competition with thofe animals, or 
parts of animals, from their likenefs whereto they have receiv’d their 
names ; we ought to confider, that feveral learned men have, of late, 
made it very probable, that thefe ftones were once really the animals, or 
thofe parts of them which they refemble, and were afterwards turn’d 
into ftones by the fupervention of fome petrefcent matter, or petrifying 
caufe. And, allowing fome of thefe forts of ftones to be the production: 
of the mineral kingdom ; yet it would not clearly follow, that they owe 
their fhapes to chance, fince ‘tis no abfurdity to admit feminal prin- 
ciples in the more elaborate forts of foffils. However, I think it very in- 
jurious to make thefe productions rival the animals to which they are 
compared. For the fhape, in which alone they and the animals agree, be- 
ing an external thing, 1s not worthy to be mention’d, in comparifon of* - 
that wherein they differ; the rude and flight texture of the beft thaped. 
ftone being immenfely inferior to the internal contrivance of an animal; 
which muft confift of a multitude of parts of a determin’d figure, bulk, 
fituation, Oc. as is obvious to thofe who have feen diffections skilfully made. 
And ‘tis not only in the firm and quiefcent parts that this great internal dif- 
ference between ftones, and the animals they refemble, is to be found: there 
appears a far greater difference between a living animal, and a ftone, 
than any the anatomical knife can fhew us betwixt a dead one, and a ftone, 
tho’ ever fo curioufly figured. For there are numberlefs liquors, fpirits,. 
digeitions, fecretions, coagulations, motions of the whole body, of the: 
limbs and other parts, which are lodg’d and perform’d in a living body, 
and are, perhaps, more admirable than the ftruéture of the folid and 
quiefcent parts themfelves: fo that, tho’ a ftone, in external appearance- 
very like a fhell-fifh, were made by chance; yet from thence to conclude,, 
that chance may make a living fhell-fith, would be to argue worfethan 
he who fhould pretend, that becaufe an unskilful {mith may make a hollow: 
piece of metal like a watch-cafe, and fill it with fome rude ftuff, he muft. 
therefore, be able to make a watch; for there is lefs difference betwixt the: 
skill expreffed in making the cafe of a watch and the movement, than in 
making a body like a fhell, and the internal parts of a real fith: or, 
that becanfe putrefa€tion and winds have fometimes made: trees hollow;. 
and blown them into the water, where they fwim like boats; therefore 
the like caufes may make a regular galley,, according to the laws of naval. 
architeCture, man it, fteer it, excite and guide all its motions to the beft- 
advantage, for the prefervation, and various ufes of the veflel. In fhort, 
if chance fometimes does ftrange things, *tis.in regard to. what. fhe herfelf, 
not to what nature -ufes to perform. | And. 
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Puystcs. And now, to give my thoughts upon the fecond queftion. 1. I think 
he naturalift may draw arguments from the ends and ufes of the parts of 
living bodies, provided he proceeds herein with due caution. 2. “Tis my 
-opinion, that. the inanimate bodies here below, proceeding not. from fe- 
minal principles, have but a more flight texture ; fuch as earths, liquors, 
flints, pebbles; and will not fufficiently . warrant reafonings drawn from 
their fuppofed ends. 3. It feems to me, that the celeftial bodies abun- 
dantly -deelare God’s power and: greatnefs, by the immenfity of their 
bulk, and, ifthe earth ftand ftill, the celerity of their motions; and alfo 
argue his wifdom,* and general providence, with regard to themi: becaufe 
he has, for fo many ages, kept fuch a variety of vaft vortices, or other 
.mafles of matter in‘motions immenfely rapid, without permitting them te 
deftroy one another, or ‘lofe their regularity. And I fee no abfurdity in 
fuppofing that, among other ufes of the fun, and of the ftars, the fervice 
‘of man might be intended; tho’ I doubt whether, from the bare contem- 
‘plation of the heavens, and their motions, it can be -cogently inferr’d, 
‘that the chief end of them all, is to enlighten the earth, and bring benefits 
‘to the creatures that live upon it. | 
Revelation al-- Hitherto I fuppofe the naturalift to difcourfe merely upon. phyfical 
ed aie grounds ; but if revelation be admitted, we may rationally believe more, 
a Best casle and {peak lefs doubtfully of the ends vot God, than bare philofophy will 
philofopby. warrant ustodo. For if God ispleas'd to declare any thing to us con- 
-cerning his intentions in the making of his creatures, we ought to believe 
it, tho’ the confideration of the things themfelves did not give us the leatt 
fafpicion of it ; which yet, in our cafe, they do. The fcriptures exprefly 
teach us, that “‘ God made the two great luminaries, the greater to rule 
“© the day, and the lefler to rule the night ;”’ that “ he made the ftars al- 
**fo, and fet them in the firmament, or expanfum of heaven, to give 
“ light upon the earth.” And thefe are reckon’d among the ufes of thefe 
Juminaries: “‘ to divide the day from the night; and to be for figns, and 
“© for feafons, and for days and years.” And Mofes, diffuading the J aelites 
from-worfhippingthe fun, the moon, and the ftars, fays, that “ the Lord 
** had imparted them unto all nations under the heaven.” And there- 
fore thofe Cartefians, who admit the authority of -holy {cripture, thould 
not reject the confideration of fuch final caufes.as revelation difcovers to 
us; fince “tis certainly no prefumption to think we know God’s ends, 
when he himfelf acquaints us with them: not to believe that the fun, 
tho’, generally, efteem’d a nobler body than the terreftrial globe, was 
made, among other. purpofes, to enlighten it. “Dis recorded, in the book 
of Genefis, that God’s defign in making man,. was, -that he fhould “‘ fub- 
** due the earth, and have dominion over the fith of the fea, and over the 
“ fowl of the air, and over the cattle, and over all the earth, and over 
“* every living thing that moveth upon the earth.’ And the fame book 
informs us, that, after the deluge, God “ deliver’d all terreftrial beafts, 
“ and fowl, and fifth, and every moving thing that lives,” into the hands 
of men, and intended that they fhould eat animals; as, before the flood, he 


Final Caufes of Natural Things. 160 
had appointed them all the forts of wholefom vegetables for their food. Piysyes! 
And, fince God was pleafed to appoint, that men fhould live on thefe UV 
creatures; it cannot be abfurd to fay, that, among other purpofes to 
which he deftin’d the fun, his fhining upon the earth was one; fince, 
without his hght and heat, men could not provide for themfelves; and 
neither thofe plants, that men and cattle muft feed upon, could grow and 
ripen ; nor, confequently, thofe animals that were to be their principal 
food, and ferve them for other ufes, could be fuftain’d, and provided for. 
Many other texts might be here alledged to the fame purpofe; but I fhall 
_ content myfelf to mention that of the royal prophet, when, {peaking of 
man to his maker, he fays, “ Thou haft made him a little lower than the 
** angels, and haft crown’d him with glory and honour. Thou madeft him 
** to have dominicn over the works of thine hands, and haft put all things 
* under his feet.” 

Indeed, if we confider only that vifible part in man, his body; the 
fmallnefs thereof may make it feem improbable, that portions of the 
whiverfe, incomparably ‘greater than he, fhould be intended for his fer- 
vice. But chriftians will not think this incredible, if they confider man, 
as he chiefly confifts of a rational mind ; which proceeds immediately from 
God, and is capable of knowing him, loving him, and being eternally 
happy with him. They who defpife man, confider’d in this capacity, 
very little know the worth of a rational foul. But God, who is the bet 
judge in this cafe, was pleas’d to confider men fo much, that it gave David 
caufe to admire, as we juft now faw; and not only to form them in his 
image, at their firft creation; but, when they had wilfully loft, and for- 
feited it, he vouchfafed to redeem them by the fufferings and death of his 
own fon, whois! incomparably more’ excellent. than the whole world; 
And ‘tis not incredible, that God fhould have intended many sof his other 
works tobe ferviceable to man ; fince, by miraculous operations, he hath, 
fometimes, fufpended the laws of nature ; and, fometimes, over-ruled 
chem for his fake : as appears by the flood, by the paflage of the I/-aelites 
thro’ the red-fea, and the river of Yordan; by the ftanding-ftill of the 
fun and moon, at Fofbuah’s command ; by the inefficacy of the burning 
fiery-furnace on Daniel’s three companions; and, in fhort, by the ftu- 
pendous eclipfe of the fun, at the crucifixion of the Meffias. 

And we fhall the lefs feruple to admit, that fuch vait bodies, asthe 
fun and moon may. tend to ferve mankind, if we confider, “tis far from be- 
ing a conftant rule, that a: thing more excellent cannot be employ’d. for 
the:good' of a.lefs excellent.. Thus an angel was fent to relieve Hagar in 
the wildernefs ; another had. regard.to the life of a prophet’s afs; and 
many more were employed on earth, in doing good offices to particular 
perfons: and, of all the angels in general, the epiftle to the Hebrews in- 
forms.us, that “they are miniftring fpirits, fene forth to minifter unto 
“them who fhall be heirs of falvation.” .. oe Lice 
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Reparatory to the difcuffion of the third queftion, *‘ Whether, and in 

‘© what fenfe, the acting for ends may be afcribed to an unintelligent, 
and inanimate body?” it will be neceflary to clear the grand difficulty 
that has before, and ever fince the time of Ariftotle, perplexed thofe who 
allow the confideration of final caufes in natural philofophy. This difi- 
culty is obvious enough ; for much the greater part of bodies being fenfe- 
lefs, and, moft of them, lifelefs too; it feems inconceivable how they 
fhould conftantly a&t for ends they are not capable of pre-defigning, and, 
appofitely employ means they have no knowledge to make choice of. 

Aviftotle, who exprefly teaches, that nature does nothing in vain; and, 
rightly judg’d, that the actions of natural agents had a tendency to cer~ 
tain ends; takes no notice of this difficulty, but feems rather to fhift it 
off than refolve it. | 

But, to confider the difficulty itfelf, there are two accounts on which 
the actions of natural agents may be faid to tend to a certain end; as, 
either when the agent has a knowledge of that end, and aéts with an in- 
tention to obtain it; or, when the ation of the proximate agent is di- 
re€ted as it ought, to obtain an end, which, yet, is neither known, nor 
intended, by that proximate agent; but by a remoter, that is intelligent. 
In the former of thefe fenfes, I cannot admit, that any inanimate body 
aéts for ends; fince that pre-fuppofes the agent both to know the end he 
js to obtain, and to purpofe to obtain it: things whereof inanimate bo- 
dies are incapable. And, to fancy with fome, that they may have a know- 
ledge, fui generis, as they {peak ; which, tho’ confined to the a€tions pro 
per toa particular kind of body, fhall yet fuffice to determine them to thofe~ 
actions, is, to offend againft that rational, and receiv’d rule in philofophy,. 
that Beings are not to be multiply’d, without there appears a neceflity for 
them; and to introduce a fort of knowledge that feems unintelligible. 

It remains, then, that I embrace the fecond fenfe, in which *twas 
formerly faid, natural things may work for an end; tho’, in this cafe 
too, we mult fpeak fomewhat improperly : for the aétion may more juft> 
ly be attributed to the remote intelligent, than to the immediate agent, 
which is but, as it were, the inftrument of the other. Now, it appears: 
to me, that the moft wife, and powerful author of nature, whofe piercing 
fight is able to penetrate the whole univerfe, and furvey all the parts of 
it at once; did, originally, frame material things into fuch a fyftem, and 
fettle among them fuch laws of motion, as he judged fuitable to the 
ends he propofed to himfelfin making the world. And as, by virtue of 
his vaft and boundlefs intelleét that he, at firft, employ’d; he was able, 
not only to fee the prefent ftate of things he had made, but to foreknow 
all the effects that particular bodies, peculiarly qualify’d, and a€ting ac- 
cording to the laws of motion, by him eftablifhed, would, in particular 
«ircumftances, have on one another ; fo, by the fame omnifcient pow 
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he was able to contrive the whole fabric, and all its parts, in fuch a 
manner, that, whilft his general concourfe maintain’d the order efta- 
blifhed, each part of this great éngine fhould, without either intention, 
or knowledge, as regularly and conftantly aét towards the attainment of 
the refpective ends he defign’d them for; as if themfelves really under- 
ftood, and induftrioufly profecuted thofe ends. Thus, in a well-made 
clock, the {pring, the wheels, the balance, Gc. tho’ each of them a& ac- 
cording to the impulfe it receives, and the determination that is given-it 
by the other parts of the engine, without knowing what the neighbouring 
parts, or what themfelves perform; yet their tendencies are fo deter. 
mined, and over-ruled, and their motions fo regulated, by the ftructure 
of the machine, that the whole could not proceed more conveniently, nor 
better perform the office of a clock, if they knew they ought all to con- 
{pire, and were defign’d to make the index truly mark the hours. Tis 
not ealy, indeed, to conceive, how one agent fhould, by fo fimple an in 
ftrument as local motion, direét fuch a multitude of others, as make 
up a world, to aé& with the fame regularity, as if each of them went 
upon its own particular defign, and yet all confpire to obey the laws of na- 
ture. But if we confider, that this great work is afcribed to an omnifcient, 
and almighty agent, it will not appear incredible ; efpecially fince ’tis 
manifeft, that a multitude of bodies a@ as we have fuppofed : and that, 
if we will not afcribe to God the direGtion, and fuperintendency of the 
motions that are manifeftly fitted for the attainment of ends, we mutt 
afcribe them to nature; which will not leffen, but increafe the difficulty. 
And, upon viewing a great engine, wherein the works of many trades, 
and a great variety of other motions were perform’d by little puppets, that 
‘managed the tools of the feveral artificers ; whilft all of them were {et on 
work by a fingle {pring, which communicated motions, regulated and 
determined by the particular ftruéture of the little ftatues, @’c. I could 
not think it impoffible, that the great creator fhould be able, by the mo- 
tions and ftruétures of matter, to fet very many partial, and fubordinate, 
‘engines a-going. For “twill not, I hope, be faid, that the multitude of 
thefe, any thing near furpafles that of thofe which I faw in the hand of 
an illiterate tradefman, fo far as the narrow knowledge of that artificer is 
furpafled by the boundlefs underflanding of an omnifcient artift. And 
God's wifdom and skill is more difplay’d in making fo many various bo- 
dies a€t according to their particular defignations, while they all confpire 
to the general ends of the univerfe; than barely in caufing bodies to at, 
appofitely, for ends to themfelves unknown. "For, if moving bodies be 
duly difpofed, and have a fufficient conneétion, ’tis not difficult to direct 
a few of them to the attainment of an end propofed by an underftanding 
agent, tho’ unknown to the immediate agents: as, anciently, among the 
Fewifh husbandmen, and, at. this day, in fome parts of the eaft, the ox, 
by treading the corn, feparates the grain from the ftraw, as well as the 
labourer who thrafhes it, on purpofe to make that feparation; and a 
; ; . Zito horfe,, 
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Puysrcs, horfe or an afs, by going round ina mill, may grind the corn as well as 
AY the miller himfelf. | ; 
ae This doétrine, however, is not inconfiftent with the belief of any true’ 
miracle ; for it fuppofes the ordinary and fettled courfe of nature to be 
maintain’d; without at all denying, that the moft free and powerful author . 
of nature is able, whenever he thinks fit, to fufpend, alter, or contradict 
thofe laws of motion, which he, alone, at firft eftablith’d, and which re- 
quires his perpetual concourfe to uphold. 


SUE CG Tel. 
How final caufes O come to our laft queftion, ““ With what cautions, final caufes are 
wins sllit at to be confider’d by the naturalift?”’ I muft obferve, that the cafes 


whereto it may relate, are fo many and various, that I can only touch 
upon fome few of them. | 
And to make way for what Iam to offer, by a diftin€tion; there are 
two ways of reafoning from the final caufes of natural things, that ought 
not to be confounded. For fometimes men draw arguments from the ule 
of bodies, that relate to the author of nature, and the general ends he is 
fuppofed to have intended in things corporeal: as. when from the mani- 
feft ufefulnefs of the eye, and all its parts, for vifion, “tis inferr’d that the 
eye was originally framed by a very intelligent Being, with a particular . 
care that animals fhould be furnith’d with the fitteft organ of fo neceflary a 
fenfe. And fometimes, alfo, men ground arguments upon the fuppofed 
_ ends of things, as to the peculiar nature of the things themfelves ; and 
conclude, that this affection of a natural body or part ought to be.granted, 
or that deny’d ; becaufe by this, and not by that, or by this more than by. 
that, the end defign’d by nature may be beft and moft conveniently obtain’ds 
The latter fort of arguments I ufually call purely phyfical ; and thofe of 
the former may be ftiled phyfico-theological, or, by a-fhorter name, meta 
phyfical ones, | 
But in order to.be the more clear upon this..fubje@, I. fhall refer my 
thoughts of it to the five followingpropofitions. fs be 


iP RoOeP als, ae : 
As to the generality of the celeftial bodies, it feems unfafe to draw arguments of — 


their nature, on a fuppofiteon of particular ends, at leaft of the human ones; 
defign’d by God in their formation. : 


‘Aste theceleftial Tam by all means for encouraging the contemplation of the celeftiak 
cae part of the world, and the fhining globes that adorm it, and efpecially the 
dun and moon, in order to-raife our admiration of the ftupendous power 

and wifdom of him, who was able to: frame fuch immenfe bodies ; and, 
notwithftanding their vaft bulk, and fcarce conceivable rapidity, keep 

. them for fo many ages conftant both to the lines and degrees. of their mo- 
tion, without interfexing with one another, And, doubtlefs, we ought to 
return 


on. 
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return thanks and praifes to the divine goodnefs, for having fo placed the fun Puysics. 
and moon, and determin’d the former, or elfe the earth, to move in particular LAW 
lines, for the good of men, and otheranimals. And how difadvantageous . 
would it have been tothe inhabitants of the earth, if the luminaries had moved 
after a different manner? I dare not, however, affirm, that the fun, moon, 
and other celeftial bodies, were made, folely, for the ufe of man; much lefs 
prefume to prove one fyftem of the world to be true, and another falfe ; be- 
caufe the former is better fitted tothe conveniency of mankind, or the other 
lefs fuited, or perhaps altogether ufelefsto that end. ‘Thus men fometimes 
alledge, that the fun ought to be in perpetual motion, to fhine upon the 
earth ; becaufe, as they fancy, “tis more convenient for man, that thofe 
diftant bodies, than that the earth, which is his habitation, fhould be kept 
in motion, But confidering things as mere naturalifts, ic feems not very 
likely, that a moft wife agent fhould have made fuch vaft bodies as the fun 
and the fix’d ftars, (efpecially, if we fuppofe them to move with fuch.a 
prodigious rapidity, as vulgar aftronomers affign them) chiefly to illumi~ 
nate a little globe, that,. without an hyperbole, is but a phyfical point in 
comparifon of the immenfe celeftial {pace ; while thofe lights might as well 
illuminate the earth, if they were a thoufand times lefs than they are; 
provided they were placed at a proportionable diftance from it. And 
*ewill be very hard to fay, what confiderable ufe the terreftrial globe, or 
its inhabitants, derive from that multitude of celeftial {fpheres which com- - 
pofe the milky way; fince each of thofe ftars is fo far from being fingly 
able to enlighten the earth, that Ariftotle, and the generality of. philofo-= 
phers, for many ages, took the whole number of them.for.a.meteor... And 
what light, or other known advantage, can the earth, or. its inhabitants, 
receive from thofe many fix’d ftars, that the:telefcope, only, can difcover, 
among the fix or feven confpicuous ones of the Pleiades ; or among thofe, 
which the naked eye difcovers in the belt or girdle of Orion™ ? 

I forefee, it may be faid, that thefe and the like celeftial bodies are, at 
leaft, thus far ufeful to man,.as to difcover to him the power and great~ 
nefs of the divine maker. And, indeed, tho’.perhaps his wifdom appears . 
as great to us men in the ftructure of a glow-worm, as in the difpofition 


of the {mall ftars, that make up the galaxy ; yet the immenfity of his power - 
; could : 


* It feems : difficult to-fay, what‘ad- “thence raife vapours’ in-great plenty, 
vantages the earth can receive from the | ‘* which gathering into clouds, fall down - 
comets ; yet late difcoveries have led us j ‘* imrain, and thereby water the-earth, 
to conjeture at their ufe : and that moft } “and fit it for vegetation; or: elfe being 
fagacious philofopher, Sir If Newton, fup- | ““condenfed by the cold tops of the 
pofes that one final caufe: of: comets, is, | “* mountains, diftil down in fprings and. 
“ to recruit the~feas, andthe’ moifture | “rivers ; fo comets feem neceflary to 
‘* in the. planets, by ‘a condenfation of | ‘ preferve the waters in the planets, by 
‘¢ their vapours, and exhalations there- | “ continually repairing, and fupplying 
“Son. For.as feas are abfolutely neceffa- | “‘ with their exhalations and condenfed 
“ ry to the conftitution of our earth, to | “ vapours, all that liquor, which being 


“ the end that the heat of the fun may | “ wafted in vegetation and putrefaétion, 
‘is, 
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Prysics. could not poffibly be fo well declared by lefs produétions. 'Thefe argu- 


a 


ments, nevertheleis, are not purely phyfical, but of that fort which I call phy- 
fico-theological, whofe inferences relate to the general defigns of God in the 
univerfe, which I therefore ftile cofmical ends ; but do not reach to prove 
any thing about the determinate nature of particular bodies. And fince 
the utmoft that philofophy teaches, is, that in general, the good of man 
was one of the ends defign’d by God in framing the world as we fee it, ; 
there may, by the fame omnifcient author of nature, be other ends defign ¢ 
of thofe teleicopical, and-other fmall or remote ftars, whofe ufes to us are 
doubtful or inconfiderable ; to attain which ends, thofe celeftial bodies and 
motions may be admirably contrived and directed. And we being unable 
by mere reafon to difcover what thofe ends are, tho’ we have nothing 
near fo great caufe to think there may not be fuch ends, as the infin ite 
wifdom of God gives us to think there may; *tis prefumptuous to judge 
of the fyftem of the world, and of the defign of vaftly remote fix’d ftars, 
by its being greater or lefs advantageous to us: efpecially fince tho’ it were 
certain, that, among other ufes, God intended they fhould in fome fort be 
ferviceable to us ; yet he has no way declared in what capacity, or to what 
degree, they fhall be fo. And therefore, if they prove ferviceable in any 
meafure ; that is, fo far as we know, all he defign’d they fhould be: and 
that itfelf, being an unmerited favour, deferves our humble thanks. And 
it feems very likely, that God did not defign equal advantages to all the 
parts of the earth, from the prefent fyftem of the univerfe; fince the 
countries inhabited by the Samoids and Nova-Zemblans, and other nations 
that lie very near the arctic pole, want many conveniencies and advan- 
tages enjoy d by the inhabitants of the temperate zones. 

But tho’ bare philofophy does not favour this bold opinion, yet I know 
*ewill be pretended that revelation does. And I readily confefs, that the 
terraqueous globe and its productions, efpecially the plants and animals 
“tis furnifh’d with, appear, from the feripture, to have been defign’d for 
the ufe and benefit of man. who has, therefore, a right to employ any of 
them he-is able to fubdue. and that the fun and moon were appointed by 
God to give light upon the earth, and be ufeful to all the nations that in- 
habit it: and that therefore the royal prophet had reafon to exclaim, 


‘Sis turn’d into -dry earth upon them. (““¢-ry way therein, and fpread thro’ the 
“For all vegetables wholly grow from | “ whole heavens; afterwards they are 
““ liquids, and afterwards, ‘in great mea- | ‘‘ «gradually attracted by the planets, from 
‘" fure, change into dry earth by putre- | “ their principle of gravity, and proba- 
“ fadtion ; and a terreftrial part perpe- | “bly intermix'd with their atmofpheres. 


~ 


“* tually falls from  putrefied fluids. 
“ Hence the bulk -of dry earth is con- 
“¢ ftantly upon the increafe, and the 
“ fluids, unlefs by fome means fupplied, 
‘ muft continually decreafe, and at length 
“* be exhaulted. “But the vapours of co- 


_®* mets being continually rarified in the 


“** empty celeftial fpace, are dittufed eve- 


“¢ I farther fufpect,” fays this great-philo- 


‘fopher, ‘* that. the fpirit, which is the 


*¢ leaft, the moft fubtile, and the beft part 
‘¢ of our air, and which is neceflary to the 
“‘ life of all things, comes principally 
“from the comets.” Newton. Princip. 
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“ how manifold are thy works, O Lord! how wifely haft thou made them P 


all!” For he applies thefe expreffions to the terraqueous globe and its 
inhabitants; as he elfewhere juftly fays, that “ the heavens declare the 
“* glory of God, and the firmament fheweth his handy-work.” But thefe 
general declarations, tho’ they properly excite our wonder and thankful- 
nefs, yet I fear, are not good topics, from whence to draw fuch phy- 
fical conclufions in particular cafes, as fome learned. men venture upon. 
For I do not remember “tis any where declared in {eripture, that the fer- 
vice of man was the only, or principal ufe, of all the celeftial bodies. And 
this fingle confideration fhould make us very cautious, how we eftimate the: 
ereat fyftem of the world by our conveniencies. And if it be faid, that 
man alone has a rational faculty, whereby to refer the great works of God: 
to the glory of their maker ; I anfwer, that tho’ this has been affirm’d by 
many, yet I have never found it prov’d. And I fomewhat wonder,. that. 
divines fhould, on this occafion, overlook that paflage in $ob, which they, 
generally interpret of the angels. For the queftion which God there puts. 
to Fob, may be juftly applied to Adam himfelf; “ Where waft thou, when: 


“¢ J ljaid the foundations of the earth? declare, if thou haft underftanding. 


“ When the morning-ftars fang together, and all the fons of God fhouted. 
“for joy?” .And, indeed, if we may prefume to conjecture at fuch. 
things, it feems reafonable to me, that God created the angels. before the - 
material world, that he might have intelligent Beings to pay him the juft- 


tribute of praifes for fo admirable a {pedtacle, as that of the rifing world, . 


or the beginning and progrefs of the creation. However, it appears from. 
thefe words in ‘fob, that before mam was made, God wanted not intelli- 
gent {pe€tatorsand applauders of his corporeal works. And fince the angels. 
are a nobler order of intellectual creatures than men, and no unconcern’d 


fpectators at the works of God; how do we know, that in the fyftem of: 


that part of the heavens which is invifible to us without the help of telefcopes, 
and in the plants, animals, or other furniture, whatever it be, of thofe: 
particular ftars that ferve us men, barely for declarations.of their maker’s. 
power ; fuch intelligent fpirits as te may not difcern as wife defigns,. 
and as admirable contrivances, as thole manifefted in forming and furnifhing 
the earth? And in this cafe, God will lofe none of the glory due to the 
divine attributes difplay’d in the fabric of the celeftial. part of the world, 
tho’ the fix’d ftars fhould not be principally defign’d for the fervice of man. 
But, feeondly, “tis yet more unfafe to form arguments upon the nature 
of particular inanimate bodies-in the fublunary world, from the ufes we- 
think them defign’d for. | ‘i 
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- This.will be made evident, by confidering how little we know of the Av tof that 
particular purpofes of nature, in thofe terreftrial bodies, which.being in- 7 ‘”"**"*" 


organical, cannot, by their curious ftrudture, difclofe to us the particular 
ends to which they were ordain’d. And their motions wanting that con- 
ftaney and regularity of the celeftial bodies, the caution given about draw- 
ing arguments from the aftronomical fyftem, will not, fure, be thought 
unfit to take place in clays, chalks, ftones, Oc. whofe textures, spa 
wit 
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Prysics: with thofe of living creatures, are very fimple, flight, and feldom more 

LLYN curious than may be made artificially, by diffolving ftones and metals:in’ 
chymical menftrua, and afterwards cryftallizing the folutions. *Tis true, 
revelation {peaks rather of God’s having deftin’d animals and vegetables, 
than other inanimate bodies, to the ferviceof men; yet there is no abfurdity, 
to conceive, inthe general, the fame to-beone.of the ends defign’d by the 
author.of nature, in making metals, ftones, and thofe other inanimate 
parts.of the terreftrial globe, that man 1s able to matter and make ufe of. 
But ’tis very unlikely, that the internal part of the earth, which may, for 
ought we know, contain great varieties of foffils, and other creatures, 
fhould be made chiefly for the fervice of men, from whofe fight they lie 
hid ; and who will, in all probability, never defcend to a thoufandth part 
of the depth requifite to difcover them, and do not fo muchas know what 
kind of bodies they are. And tho’ it will not hence follow, that the terra- 
queous globe was made by «chance, any more than that the other plants 
were fo; becaufe the admirable ftruéture of plants and animals proves the 
exiftence and providence of .a moft wife and powerful author of things,: 
-who.may.juftly be fuppefed to have made nothing in vain, even among the 
inanimate portions of our globe; yet that thofe inanimate portions were 
made for.determinate ends, is more-eafily deduced from the knowledge we 
have, by other means, of their being produced by a wife author, than from: 
the contemplation. of thofe bodies themfelves.. And, perhaps, it is worth: 
‘inquiry, whether ‘fome things may not be made, even by a wife agent, not 
out of a Big ary LuvenelOes but as productions that will naturally follow, 
‘upon the eftablifhment and prefervation of thofe grand laws and rules of 
motion, that were moft fit to be fettled among things corporeal. And ’tis 
very poffible, that, according to fucha general eftablithment, many parts 
of the terreftrial globe are fo difpofed of, as not to be, ferviceable to men ; 
becaufe the whole mafs could not, otherwife be fo well fuited to the gene- 
‘gal ends of the univerfe... Thus, tho’ the eclipfes of the fun and ‘moon be 
ufually unwelcome, and, if aftrologers may be. credited, often prejudicial 
to men; yet “ the great former of all things” did not think fit to alter the 
tracts or lines of motion that he affign’d the luminaries, to avoid. the 
eclipfes that mutt yearly enfue upon their moving in fuch lines. Whence 
we alfo learn, that fome phenomena may not belong to the primary inten- 
tion. of nature ; but.are only the neceflary. confequences and effects .of the 
primitive conflitution of the world, and the univerfal.laws of motion. 

But if it be here demanded, to what-end the deep and hidden parts of 
the terraqueous globe, and the telefcopic ftars of the firmament; were 
made, if not for the,ufe.of man? I freely acknowledge, that I cannot 
tell : and perhaps fuch an anfwer may be more expreflive of the profound 
reverence we owe the great author of nature, than their opinion, who 
would have all thefe made for the fole ufe.of man. on 


PROP. 
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Pia On Poo: EB 


"Tis often allowable for a naturalift, from the manifelt and appofite ufes of the 
parts of animal bodies, to collect fome of the particular ends for which the creator 
defign’d them: and in fome cafes we may, from the known nature and ftrutture 
of the parts, draw probable conjettures about the particular offices of them. 


To obviate miftakes, it muft be here obfery’d, that I {peak only of thofe 
ends and ufes of the parts of an animal, that relate to the welfare and 
propagation of the animal itfelf, and which, therefore, I call animal ends ; 
tho’ I do not thereby deny any declaration made in the holy {criptures, chat 
God defign’d the entire animals, as well as their parts, to be ferviceable 
many ways toman. This premifed, I come to confider diftinétly the two 

arts of the propofition. | 

And, firft, there is no work of nature known to us, wherein the con- 
fideration of final caufes may fo juftly take place, as in the ftru€ture of 
animal bodies. For my own part, I confefs, that when I affift at a skil- 
ful diffeCtion, I cannot but wonder there fhould be philofophers, who 
‘ afcribe the admirable contrivance of a human body to blind chance. ‘The 
Stoic, who in Cicero, ask’d an Epicurean why chance did not make palaces, 
and erect other buildings, feems to have propofed a pertinent queftion. 
But the moft commodious houfes are far lefs curious ftru€tures than the 
human machine: for the materials of a palace are few, in comparifon to 
the parts of an animal body; and their difpofition exceeding flight, com- 
pared to the curious and elaborate contrivance of the numerous folids and 
fluids of the human ftruéture : the former whereof, alone, are above fome 
hundreds ; yet in every one of thefe parts, the bulk, figure, confiftence, tex- 
ture, fituation, connexion, and aptnefs for motion, are the moft commodious 
that can poffibly be devifed ; whilft all of them are wonderfully fymmetri- 
cal, both to one another, and the whole body. And this number of parts 
is fo. artificially contrived and fet together, that tho’ no room be loft, 
many of them, at the fame time, exercife very different motions, while each 
moves freely, and rather promotes than hinders the motion of others. 

Hurts or difeafes may thew how excellently all the parts of our bodies: 
are contrived, in order to our welfare. For if even a finger be fwell’d, 
difplaced, kept in a wrong pofture by contrattions, have its continuity 
violated, its tone chang’d by {trains or contufions, its fenfe or motion ta- 
ken away, its membranes fretted by fharp humours, or its motions dif- 
order'd by convulfions; we quickly find, how commodioufly the parts 
affected were framed or difpofed; their natural figure, connexion, tone, 
Oc. being now alter’d. | | | 

The eye, to fingle out again that part for an inflance, is fo exquifitely 
adapted for feeing, and fo little fitted for almoft any other office in the 
body ; and that ufe is fo neceflary for the welfare of the animal, that it 
may well be doubted, whether-any confidering man can really think it not 
defigned for that ufe. [he fix or feven mufcles, which move the whole nn 
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Puysics. of the eye upwards, downwards, to the right-hand, to the left, and to va- 
LSY™NY rious oblique pofitions ; and the feveral coats and humours that make up 
the organ, have not only their magnitude, figure, confiftence, fituation, 
and connexion, admirably adapted to that end ; but the tranfparency of 
the cornea, and the three humours, the opacity of the uvea, the femi-opa- 
city of the retina, and the feveral motions of the parts of the eye, which 
are requifite to receive, tran{mit, refraét, and difpofe the vifual rays, 
that come from the object, after the manner neceflary to make the livelieft 
picture of it in the bottom of the eye; wonderfully confpire to compleat 
this matchlefs inftrument of vifion: whence we may.as properly conclude, 
that an eye, as that a telefcope, is made to view objects.with. But, in 
that admirable perforation of the uvea, which we call the pupil, nature 
has greatly exceeded art. For tho’ we are obliged to ery opake 
bodies, with feveral circular apertures, to the object-glafles of telefcopes, 
that fome may let in lefs light, and others more, according as the objects 
require to beillumin’d; that part of the uvea, whichis {ufpended in the 
aqueous humour, is an aperture that widens and contracts it felf, in an 

inftant, according to the exigency of the object. 

But for the ufes of the feveral parts of the eye, I refer my reader to Schei- 
ner’s Oculus, and Des Cartes’s Dioptrics ; whence it will appear, that, in 
forming this part, nature not only aéted with defign, but with fo great 
skill in optics, that a more than ordinary acquaintance with that {cience 
is neceflary to underftand the wifdom of the feveral contrivances ; which, 
perhaps, no degree of skill whatever in it, would enable a man to alter 
tor the better. 

*Twere tedious to mention other parts of the body, that manifeftly ap- 
pear to have been ordain’d to certain ufes. ‘The books of anatomifts are 
full of paflages to this purpofe : of which I fhall only fay in general, that 
tho’ what they deliver is fufficient to fhew all the parts of the body 
to be the effects of an intelligent caufe ; yet, unlefs their defcriptions, and. 
reflections, be improved by mathematics, mechanics, and chymiiftry, we 
fhall have but an imperfect notion how intelligent that caufeis ; or how 
much wifdom is difplay’d in the ftructure of a human body, and its feve- 
ral parts. : . 

I know ‘tis objected, by the Epicureans, that the parts of animals were 
firft made, and their ufes afterwards difcover’d, by the fagacity of men. 
But this is.a fophiftical objeétion. . For, firft, many of the internal parts. 
perform their fun@tions, without our having any knowledge of their ftru- 
cture, or fituation ; fo far are they from being applied to fuch ufes by 
our fagacity. And as forthe limbs, and other parts, which we move 
at pleafure, “tis true, they cannot be employ’d to their refpective ufes, 
till a€tually form’d ; neverthelef’s, they might. be originally fo form’d, as, in 
due time, to be fit for fuch ufes.. And, in effet, we fee that a chickis . 
furnifh’d with compleat eyes and wings, before it be hatch’d ; tho’ whilf 
inclofed in the egg, it can makenoufe of them, either to fee, orfly. And 
why was it, do the Epicureans think, that-nature provided a whole fett of 
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temporaty parts for pregnant females, and animals in the womb; which, Puysres 
when they are come into a freer ftate, partly fhrink away of themfelves. SVN 
and partly turn to a ligament, fitted no longer for theformer, but for 'a moKe 
feafonable ufe ? ‘And ’tis to be noted, that thefe umbilical veflels, and 
the placenta to which they are faften’d, is of no neceffity or ufe to the female 
before conception ; and therefore, thofe temporary parts, appear to have 
been defign’d by nature for the propagation of the {pecies. 

And tho’ the fagacity of men, may have found out fome ufes of the 
particular parts of their bodies, which feem not to have been primarily 
intended by the author of nature ; yet. this does not prove, that thofe ufes 
were undefign’d: for the prefcience, and goodnefs of God, are fufficient to 
render it probable, that he who gave man both the limbs of his body, and the 
endowments of his mind, did both forefee what ufes men might, according 
totheir fagacities, and emergencies, make of thefe parts ; and fo contrite 
the parts, that they fhould be applicable to fuch ufes. 

And, we may now proceed to the latter part of our propofition ; which 
afferts, that, in fome cafes, from the known ends of nature, as well as from 
the ftru€ture of the parts, probable conjectures may be form’d about the 
particular offices of them. | 

This could not have been feafonably fpoken to before ; becaufe the ar- 
guments that were founded on the ufes of the parts of animals, fuppofe 
thofe parts to have been deftin’d to particular ufes, knowable by us ; 
and that the feveral parts of the body were contrived as wifely, and com- 
modioufly,as men are able to devife, in order to the ends of nature : which 
muft always be underitood to have united in her defigns, the ufes of the 
parts, and the welfare of the whole. 

And, indeed, if we confider how admirable a fitnefs there is in the 
parts of a human body, to thofe particular ends we can difcover them 
to have been defign’d for; it feems allowable to conjecture, that fuch a 
part was not primarily defign’d to fuch an ufe, if it is, on the account of 
its ftru€ture, or otherwife, lefs fitted for it than the conftant wifdom of 
nature feemsto require; efpecially ifthere be any other parts, by which 
the office may be more commodioufly performed. And, on the other 
fide, it feems probable, that fuch a part was deftin’d to fuch an ufe, if 
the ufe itfelf appear to be neceflary, and the part better fitted for it than 
any other... | 

Thus, tho’ anatomical and optical writers, for many ages, unanimoufly 
concluded, the cryftalline humour to be the principal feat of vifion ; yet 
- the induftrious Scheiner juftly rejects that receiv'd opinion, upon fhewing, 
that it fuits not with the skill and providence of nature, that it fhould be 
fo, fince it wants many requifite qualifications for that purpofe ; and efpe- 
cially fince moft of thefe are to be found in the retina. And, I remember, 
upon asking our famous Harvey, what induced him to think of a circulation 
ofthe blood ; he faid, that obferving the valves in the veins of many parts 
of the body, fo placed, as to give free paflage to the blood towards the 
heart; but to oppofe the paflage of the venal blood, the contrary way ; he 
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“Puysics. imagin’d that foprovident a caufe,as nature, had not thus placed fo many 
ASV valves without defign : and as no defign feem’d more probable than that, 
fince the blood could not well, becaufe of the interpofing valves, be fent 
by the veifis, to the limbs, it fhould be fent thro’ the arteries, and return 
thro’ the veins, whofe valves did not oppofe its courfe that way. 

Thus, tho’ the ancient anatomifts, and phyficians, believ’d the parts were 
nourifhed by the venal blood ; the modern writers teach them to be nou- 
rifhed by the blood, in its paflage thro’ the arteries. Not that they think 
the blood, which runs thro’ the veins, altogether unfit to fupply the 
parts with that vital liquor ; but becaufe they judge. the veins to be 
lefs fit for this purpofe, chan the arteries; into the latter whereof the 
blood comes immediately from the left ventricle of the heart, agitated, 
and {pirituous, and, by a brisk impulfe, better fuited to an{wer this end. 

But the writings at phyficians, and anatomifts, being filled with inftan- 
ces. of this kind, I forbear to mention any more. 


PROP. I. 


St is rational, from the manifeft finefs of Some things, to cofmical, or animal 
ends, to infer, that they were thereto ordained by an intelligent agent. 


Care feems to have been taken, that the body of an animal fhould be 
provided not only with all things that are ordinarily neceflary, and con- 
venient ; but with fome fuper-abundant provifion againft accidents. ‘Thus, 
tho’ a man may live, and propagate his fpecies, after the lofs of an eye’; 
yet nature furnifhes us with two, that, in cafe one be deftroy’d, the other 
may fuflice for vifion. And the like may be faid of the ears. In  thort, 
nature has’ furnifh’d men with double parts of the faine kind, where it 
is highly ufeful, and may be permitted, without prejudice, to the reft of 
the body. And this is the more confiderable, becaufe, in other parts, 
nature appears to husband things fo, as to avoid doing what js fuper- 
fluous. ‘Thus, within the skull, fome veflels, that would, in other parts 
of the body, have double coats, are very thin ; the skull being ordinarily 

 fufficient to defend them from external injuries. : | 

Another argument, that nature aéts with defign, about. animals,’ may 
be drawn from what anatomifts obferve of thofe patts of the womb, or 
the foetus, that are to be found but at certain times, when .thére is need 
of them; and not at others, when they would be ufelefs. ‘Thus; when a 
woman is with child, the Vafa umbilicalia are produced to be canals, ei- 
‘ther for the blood, or alimental: juice, and {pirits, that then ought to 
“pats between the womb and the feetus, by means of the placenta. And 
tho’, as long as the child continues in the womb, thefe temporary parts 
continue with him ; yet, as foon ashe comes into the world, the umbili- 
cal veflels, particularly the two arteries, and the vein, together with the 
membranes they are wrapp’d up in, with the chorion, and the amnios, 
that Involve the fetus, are thrown off, as unneceflary, andexpell’d in the 
after-birth ; there remaining only that part of the umbilical veffels thar 
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lies Within the ‘child’s abdomen, between the navel and the liver; where Puysres. 
its ufe is confiderable, tho’ new; for it ferves now no longer to convey UZWY 


blood, or an alimental liquor, to and fro, but degenerates into a liga- 
ment. | 

Thus, ‘alfo, the Foramen ovale, gives paflage to the blood from the 
right ventricle of the heart to the left, that the circulation of it may be 
maintain’d; for it cannot in the embryo, as ina born child, pafs thro’ 
the veflels of the lungs, from one of the ventricles to the other: whence 
this contrivance feems to be an expedient that nature employs, till the 
foetus is excluded ; when that temporary conformation is obliterated. For 
‘the child, now breathing the free air, isin a condition to make the blood 
circulate thro’ the pulmonic veflels, according to the primary intention of 
nature. From which, and the like inftances, we may infer, that thefe 
temporary parts were framed by a fore-knowing, as well as a defigning 
agent ; who intended they thould ferve for fuch a purpofe, and then be 
Jaid ‘afide: for ’tis uttterly improbable, that an undefigning agent fhould 
fo appofitely, and exquifitely, frame f{caffolds for a future building, if he 
did not, before-hand, deftine both the one and the other, to concur to 
the fame ultimate effec. 

Another argument, for our prefent purpofe, may be drawn from the 
confideration of what, in animals, is commonly call’d inftinét: which, in 
fome cafes, more dire€tly regards the welfare of the creature ; in others, 
the propagation of the {pecies ; and, fometimes again, refpects both. The 
writers of voyages, and natural hiftory, recount ftrange inftances of the 
inflinét obfervable in certain animals. But we need not lay the ftrefs of 


our argument upon dubious, or fufpeéted relations; fince what I have: 


met with, in authors of good authority, or receiv’d from the mouths of 
credible travellers, may ferve my prefent turn; efpecially, if we may take 
the word inftin@ in a latitude, fo as to comprize thofe untaught methods, 
-and expedients, that are made ufe of by fome animals, to avoid dangers, 

provide for their future neceffities, orto catch their prey. : 
Surpfizitig things are related, not only by poets, but by more credible 
owniters, about the fagacity and government of bees; in point, both of 
ceconomy, and politics. But tho’ I’ fhall not build any thing upon’ fuf- 
“pected authorities, yet, having long kept a tranfparent hive, and thereby 
gained the opportunity to make frequent obfervations of the actions of 
thefe little animals; 1 confefs, I difcover’d fome things’ that I did not 
believe before: which induced me to look upon them, as very fit initances 
ofcreatures endow’d with natural inftin& and providence. For, ’twere hard 
fora mathematician, in’ contriving fo many cells as beés make in the area 
of one of their combs, to husband-fo little fpace more skilfully than ‘thefe 
anitnals, And they not only carefully, and feafonably, lay up their ho- 
ney, to ferve them all the winter ; but, curioufly, clofe the particular 
celis with covers of wax, that keep the included liquor from {pilling, and 
from external injuries. I do not here mention the prognoftication of 
weather that may be made in the morning, by their keeping i 
nves, 
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hives, or flying early abroad, to furnifh themfelves with wax, of honey; 
or, by their unexpected return before a ftorm: becaufe, I fufpeét, that 
thefe things are not fo much the effeéts of inftinét, as of a tendernefs, and 
quicknefs of fenfe ; fomething analogous whereto, may be feen in a good 
weather-glafs;,and is, alfo, to be found in many wounded, and valetu- 
dinary perfons, who.are affected with fuch beginning alterations in the 


-air, as other men perceive not. But, among the peculiarities to be ob- 
ferv’d in the. conduct of bees; “tis very remarkable, that, after a fight, 


they take up the dead which lay on the ground, and, as I have obferv’d, 
fly away with them far from their-hive. : 


Another obvious inftance of the inftinét that nature has. given to fome 


-defpicable infeéts, may be taken from ants. .For, ’tis known, that thefe 


little creatures do, in the fummer, hoard up grains of. corn againft the 
winter. And their fagacity is the more confiderable, if it be true, what 
many learned men affirm, that they eat off the germen of the grains they 
lay up, left the moifture of the earth, expofed to the rains, fhould make 
them {prout. But, whatever become of this tradition, thefe infeéts perform 
fome other actions, greatly refembling thofe proceeding from fagacity and 


‘induftry. 


The natural skill of fpiders, in weaving their webs, that are fo fitly 


contrived, both to catch their prey, and give them immediate notice of its 


being caught, isa thing which, if it were not familiar, would be look’d 
upon as admirable. And this skill is not, as fome imagine, an effect of 
imitating their parents; for if the eggs be taken away, and enclofed in a 
glafs; when they come to be hatch’d by the heat of the fun, the little 
creatures will, immediately, fall to {pinning in the glafs itfelf; as was re- 
lated to me by an eminent mathematician, who made the experiment. 
And I faw the lefs reafon to diftruft it, becaufe having, by an external 
heat, hatch'd many eggs of filk-worms, in a place where there had. not 
been any of a long time before, nor, probably, ever, till then; yet the 
worms, produced by thefe eggs, did, in autumn, of their own accord, 
climb up to fuch convenient places as I had prepared for them, and there 
weave thofe curious oval prifons, wherein they enclofe themfelves, and 
which are unravel’d into extremely fine’ filk. : spa 
But this provident induftry is not confined to.infeéts, for *tis to be 
found in many of the greater animals; particularly in the beaver; a 
creature whereof, indeed, many fabulous itories are related: yet fober, 
and judicious perfons, who were either born, or lived in New-England, 
where thefe animals abound, have affured.me, that the beavers, with 
their fharp teeth, cut:pieces of wood, and fit them.to their purpofe ; that, 


_ by joining their labours, they lay thefe together, fo as to build themfelves 


ftrong winter-houfes ; in which there is, fometimes, a kind of fecond 
{tory for the inhabitants to retire to, when the water chances to overflow ; 
that, for thefe houfes, they chufe a very convenient fituation, juft b 
fome river, or other water, that can furnith them with fith; and that 


the hole belonging to each houfe, is placed juft by the water, that 


they — 
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houfes are attack’d. And, to facilitate their {wimming, and the catching 
of their prey in the water ; nature has given them two feet, not made 
_ ike thofe of dogs, or cats, or in the manner of their other two ; but fur- 
nifh’d with broad’ membranes betwixt their toes, like the feet of geefe, 
_ ducks, and other aquatic animals, that are to ufe them as oars, to thrut 
away the water, and facilitate their motions. | 

The various arts employ’d by animals of different kinds, about the ma~ 
terials, the conftruction, and the fituation of their nefts, is ufually re- 
markable, and, fometimes, wonderful. Of this skill, we have many emi- 
nent inftances; but ‘tis particularly remarkable, that, in countries 
abounding with apes and monkeys, creatures very greedy of birds egos, 
there is a fort of bird, whofe eggs they, peculiarly, affect, that hang 
their nefts near the end of fome long flexible branches, which reach 
over the water; and, by that means, avoid their enemies, who cannot 
fwim. we. 

In the nefts of wafps, which they often, for greater fecurity, make 


under ground; I have obferv’d a very curious, and artificial ftructure, 


to conceal, and fhelter their young ones, till they are ready to fly. . 

But the inftiné that nature has planted in animals, for their own pre- 
fervation, is much inferior to that providence fhe has furnifhed them with, 
for the propagation of their {pecies. 

There are many remarkable things to be met with in the nefts of feve- 
yal birds, both as to the materials, the ftru€ture, and the fituation of the 
places wherein they are built. I have feen nefts, and, particularly, fome 
made in the Judies, which would raife a man’s wonder how the birds 
fhould find fuch odd, but commodious materials to bvild-with. ‘There 
are birds in the eaft, which make their nefts of a white fubftance, that 
looks almoft like ifing-glafs, difloluble in liquors, and fo very well tafted, 
that it makes the chief fauce ufed in the fouthern parts of Judia. The 
ftructure, alfo, of the nefts of feveral birds, both as to their figure, mag- 
nitude, and accommodations, wherewith they are furnifh’d, for warmth 
and foftnefs, may deferve the applaufe of mathematicians ; efpecially if it 
be confider’d, that thefe little untaught architeéts had no tools to make 
their curious buildings with, except their bills and feet. Much more fore- 
fight, however, appears in the fituation of the place, that fome birds make 
choice of, to build their neits in; as may be obferv’d, not only in the pen- 
dulous nefts of fwallows, and the fecret.ones of fome Ezropean birds ; 
but very confpicuoufly in the hanging nefts that we lately mention’d, to be 
fo oddly placed by fome birds, to fecure their eggs from apes and monkeys ; 
and by the fituation of the nefts ufed for fauce as we juft now re- 
lated, to be found only upon high and fteep rocks: which are fo faften’d 
to the concave parts of them, that look downwards, and, commonly, 
hang directly over the fea; that there is no getting them, without much 
trouble, and danger: upon which account, as well as that of their deli- 
_ ¢acy, they are very dear, even in the Eaft-frdies, where they are. found. 
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they may, immediately, flounce into it, and fo fave themfelves, when their 
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- Puysics. Thelike care to contrive their nefts advantageoufly, and make them in 
RNS fecure places, is vifible in infe€ts ; as may be obferv'd in the fubterraneal 
ar nefts of the wafps, formerly mention’d, and in the eggs of fhails, which 
I have fometimes found hid under-ground ; and have hatch’d in glaffes 
furnifhed. with the fame earth wherein they were found. + 
Tf I fhould here fet to view the feveral effects and arguments of the 
wonderful providence, that the moft wife author of nature exercifes 
about the propagation of animals, by diftinguifhing them into male and — 
female ; by furnifhing both fexes with mutual appetites and organs exqui- 
fitely adapted to the increafe of their kind; by the admirable formation of, 
the foctus in the womb, without the female’s knowing how it is per- 
form’d ; by the ftrange fubtilties and courage, that feveral creatures, either 
oviparous or viviparous, have, to hide and defend their young; by the 
full provifion that is made for the nourifhment of the foetus, and the wel- 
fare of the female after fhe has brought forth; and the like: I might much 
enrich and adorn my argument. But inftead of purfuing a {peculation, 
that would lead me too far, I fhall look back upon the intimation I lately 
ave, that even thofe meaner parts of animals, which feem to have been 
fee with the leaft care and contrivance, are yet worthy of their author. 
For tho’ the teeth be fome of the leaft elaborate parts of the human body, 
yet even thefe afford numerous phenomena applicable to our prefent pur- 
pofe: but I fhall only tranfiently confider a few of them. 

And firft, *tis remarkable, that tho’ when a man. comes. to his full 
ftature, all the other bones of the body ceafe to grow, the teeth continue 
to increafe, in length, during his whole life. "his growth of the teeth 
appears not only by their continuing for many years of the fame length, but 
by the unfightly fhooting of one tooth, when that which was oppofite to 
it inthe other jaw is wanting; whence it has liberty to fprout without 
oppofition. Of this difference in point of growth betwixt the teeth and 
other bones of the body, what reafon can be fo properly affign’d, as its 
being intended to repair the daily wafte of fubftance, proceeding from the 
frequent attritions of the upper and lower jaw in maftication ? 

2. Tho’ the bones of the body are generally invefted with a very thin 
fenfible membrane call’d Perioffeum; that part of each tooth, which is not 
cover d by the gums, wants it; which would be fubjeét to very frequent 
and painful compreffions and lacerations. 

3. To enable the teeth to break and make comminutions of the more 
folid kind of aliment, nature has providently framed them of a clofer and 
harder fubftance than almoft any other bones in the body; tho’ thefe are fo 
numerous, that anatomifts reckon above three hundred of them. And I 
have met with it in authors of good credit, that fome mens teeth have 
oe fo hard, as, when ftruck againft another fit body, to produce {parks 
of fire. 

4. That thefe bones, whofe ufe is fo great, may. themfelves be conti- 
nually nourifh’d and fupplied ; tho’ they are fet in bone, the wife author 
of things has admirably contriv’d a cavity on each fide of the jaw-bone, 
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_ Wherein are lodg’d an artery, a vein, and a nerve ; which, thto’ lefler Puysicé. 
‘cavities, fend their twigs to each particular tooth. LVN 

5. Asinfants are defign’d, by nature, to feed, for a confiderable time, on 
milk, they remain Jong without teeth ; whilft feveral animals, which are 
often early reduced to feek aliment, that is neither fluid nor foft, come 
ito the world with teeth already form’d in their jaws. 

6. [he bony fubftance appointed for the comminution of the aliment, 
ought not, for feveral reafons, to be ineither jaw entire, or all of one piece ; 
and therefore nature has providently made, for that ufe, a competent num= 
ber cf diftinét bones in either jaw. And becaufe men may have occafion te 
feed often upon very different forts of aliment ; and becaufe ufually the 
{ame aliment may require different preparations in the mouth, to facili- 
tate the digeftion of it in the ftomach ; nature has provided men with two 
rows of teeth, for the moft part equal in number, and corre{ponding to 
each other, yet of different fhapes, for different ufes; the fore-teeth are 
broader, and have a kind of edge, to cut the more yielding fort of aliment, 
whence they are call’d Jncifores'; others being ftronger, and more -fitly 
fhaped to tear the tougher food, are term’d Cawini.. There is alfo a 
third fort, whofe principal office it is to grind the aliment cut or torn 
by the others: and, for this purpofe, they are made much broader, and 
fomewhat flattifh, with their upper furfaces uneven and-rugged ; that by 
their knobs and little cavities, they may the better rétain, grind, commi- 
nute, and mix the aliment; and for this reafon they are call’d, Molares. 

7. And becaufe the operations to be perform’d by the-teeth, often. re- 
quire a confiderable firmnefs and ftrength, partly in the teeth themfelves, 
and partly in the inftruments that move the jaw, wherein the lower fett 
of them is fix’d; nature has provided. the lower, or moveable jaw, with 
ftrong mufcles, that it may bear forcibly againft the upper ;,and has not 
only placed each tooth in a diftinét cavity of the jaw-bone, as it were ina 
clofe, ftrong, and deep focket ; but furnifh’d the, feveral forts of teeth 
with hold-fafts, fuitable to the ftrefs, that, by reafon of their different 
offices, is tobe laid on them. And therefore the Jacifores and Caniui have 
ufually but one root; whilft the Molares, that on many occafions are employ’d 
to break hard bedies before they can be ground, are furnifhed with three 
foots, and often with four, in the upper jaw, whofe fubftance is fomewhat 
fofter, and whofe grinders. ferve as fo many little anvils for thofe of the 
lower to ftrike or prefs againft. ite 

If it fhall be faid, that allowing, tho’ man is indeed advantageoufly furnifh’d 
with teeth, yet there are many other animals, fome whereof have not near 
fo many teeth, nor fo commodioufly fhaped and placed as. his.; .others, 
that are not furnifh’d with any teeth at all; and that feveral.animals 
have fome of their other parts lefs convenient in their. kind, or.are 
not otherwife near fo well provided for as they would be, if they .were 
not rather the productions ef chance, than of .an intelligent and defigning 
agent : Imuft declare, that many particulars mighc,be farther. alledg’d,.to 
fhew the final canfes of things,corporeal, as the’ confideration of them leads 
aiWor, ID to 
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his providence is deny’d or condemn’d, ‘tis for want of due-confideration. 

But Ihave already, in great meafure, prevented myfelf in the anfwering 
this objection, by obviating fome exceptions relating to the eyes of man 
and other animals. For the confiderations that have been alledg’d to that 
purpofe, may, mutatis mutandis, be applied to the varieties to be found in 
the teeth, and other parts, of different kinds of creatures. : 

*Tis known, that oxen, fheep, @c. are not furnifh’d with near fo many 
teeth as men, horfes, dogs, Oc. But this defect, if it be any, is fupplied 
partly by the power and inftinét they have to chew the cud, and thereby 
make a fecond attrition of the aliment, that is already greatly foften’d ; 
and partly by the fucceffive cavities, or ftomachs, thro’ which that aliment 
is tran{mitted, and by that means elaborated and fitted for further ufes. 
The beaver, the tortoife, the bee, and the humming-bird, which fucks 
the exudations of flowers with his little long bill, like the bee, and many 
other animals, have their mouths, and their ways of preparing their ali- 
ment for the ftomach, very different from what is obferv’d in men; and 
yet each refpetively very convenient ; all circumftances confider’d. 

Thefe, and the like expedients, are in many animals fuch as afford _ 
no caufé of taxing the author of nature, for not having given fome of them 
all the fame parts wherewith others are furnifh’d ; but rather, the provi- 
dence and wifdom of God, in the contrivance of his vifible works, may be 
as well difcover’d by the feeming omiffion of this or that part, ufeful to other 
animals, but unneceflary to thofe wherein it is not found; as by granting 
thofe parts to fuch animals, whofe compleatnefs or welfare they are ne~ 
ceflary or highly conducive to: and therefore ‘tis not ftrange, that he has 
not given to men, and many forts of birds, fuch tough, tranfparent, and 
moveable membranes, as frogs are provided with, to defend their eyes 
from fuch accidents as the others are not ufually expofed to. 

Bats are efteem’d a contemptible fort of creature, yet they may afford us 
aconfiderable argument to our prefent purpofe. For we have here an ani- 
mal that flies like a bird, tho’ it wants feathers, and has a fabric quite 
different from that of birds. And here too, we may obferve the compen- 
fation that is made for.parts that feem either deficient, or lefs advan- . 
tageous, than thofe of the fame denomination in other birds; as alfo the 
regard which the divine artift appears to have to the fymmetry of parts 
in his animated works, and to their fitnefs tothe places they are to fre- 
quent. For the bat being to act fometimes like a bird, and on fome occa- 
fions like a terreftrial animal, or.moufe, he ought to be furnifh’d with parts 
fuitable to fuch different defigns : and, therefore, the want of feathers in 
his wings is fupplied with a broad membranous expanfion, and a kind of 
toes furnifh’d with articulations. And becaufe this animal was to forbear 
fettling on the ground, otherwife than his occafions required, each of his 
wings 1s furnifh’d with a ftrong crook, like the claw of a bird’s foot; by 
the help of which, he can faften totrees, walls, Oc. and there keep him- 
felf at what diftance he pleafes from the ground. And as he is furnifh’d 


with 
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with teeth, which other birds want, to chew his food, and thereby pre- Puysics. 
pare it for digeftion; he needs no crop, or fuch a ftrong mufcular fto- UZAY 
mach, as is ufually found in birds. | 

In fhort, to omit the peculiar ftruéture of other internal parts, wherein 
the bat differs from other birds ; fince the female was not, like them, to 
be oviparous ; but, like mice, and other quadrupeds, to bring forth her 
young ones alive ; fhe is not only furnifhed with an uterus, fitted for that 
purpofe ; but, in regard fhe does not exclude, together with the foetus, a 
competent ftock of aliment, to nourifh it, till it can fhift for it felf ; the 
bat is furnifhed with teats to give fuck : and ’tis obferv’d, that as fhe has 
but two of thefe, fo fhe brings forth but two young ones at a time; while 
mice are much more prolific. 

The writers of natural hiftory, and travellers, aflord numerous inftan- 

-ces of the various, and excellent contrivances, that are to be found in ani- 
mals differing from man, in the fabric of the mouth, and other parts, fub- 
fervient to the preparation and digeftion of their aliment. 

But, to be filent, as to the mouths of tortoifes, camelions, Oc. the 
hardnefs of whofe gums, with regard totheir aliment, fupplies the want 
of teeth, there isan American beaft, which ferveg as a notable inftance, to 
manifeft how the wife architeét can compenfate/the want of teeth, by 
the rare ftructure of the mouth and tongue; and their fitnefs to feize, and 
make ufe of that aliment, which, tho’ uncommon for a beaft of his bulk, 
he'feems to have been deftined to live upon. The animals of this kind 
‘are, by Heruandus, call’d, Achoas, and Tamendoas; and, of thefe, he fays, 

* they are quadrupeds, about the fize of lambs, whofe bellies almoft 
** touch the ground ; that they have no teeth at all, but live upon ants ; 
whofe hillocks they turn up with the two large claws they have fixed 
to their fore-feet, and then thrufting out theirlong rough, cylindrical 
tongue, they roll it upon as many as they can, and fo draw them into 
their mouth, which is exceeding narrow.” Pifo adds, that “ their 
tongue, which is fometimes two feet in length, lies doubled up ina 
-cavity, between the fides of the lower jaws ; which, in order to catch 
their prey, they thruft into the trunks of trees, and there fuffer it to 
continue, with a moifture upon it, till cover'd with ants ; and then fud- 
denly draw them with it into their mouths. ” 

°Tis alfo to be confider’d, that many things may be ufeful, in an or~ 
ganical part, befides thofe whereby its office is primarily and chiefly per- 
form’d. Thus, tho’ the eye-lids, and their motions,together with the little 
glands that belong tothem, are not at all neceflary to the act of vifion ; 
yet they are to the compleatnefs, and welfare of the eye: as is maniteft 
by the pain and prejudice that organ receives, if the eye-lids be confide- 
yably diforder’'d. 

But, befides thofe ufes of the parts of a human body, which I call ana- 
tomical, becaufe they are fuch as anatomifts have difcover’d, by mere 
diffe€tion ; there may be feveral others, which I term chymical, becaufe 
thefe parts prepare fpirits of feveral forts, and, perhaps, perform other 
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Puysics. operations, very important, if not neceflary, to the welfare of a living’ 


LVN) man. 


Andthere may ftill be other ufes, very proper to be confider’d, in fome’ 
parts of a human body; as the mechanical advantages, for which the 
various fhapes, and ftructures of different mufcles, the feeming irre- 
gular fabric of the bones, and, efpecially, of the procefles, and pro- 
tuberances, are admirably fitted. And, in fome parts, too, there are 
peculiar ones ; as for inftance, optical ones in the eyes ; which muft be 
confider’d, before the defign of nature therein, can, without rafhnefs, be 
cenfured. } | | 

Thus, tho’ the figure of the cryftalline humour, be much more’ fphe-- 
rical in moft fifh, than in men, and other terreitrial animals; yet he 
who underftands the doétrine of refractions, and confiders, that fifh un- 
der water, are to fee thro’ a far thicker medium than air, will readily ac~ 
knowledge, that this difference between their eyes, and thofe of men, is 
not an imperfection in the former ; but, whilft thofe creatures are in their 
own element, a great advantage. | 3 

And, to be fhort, I think there are fo many {eiences, and other parts 
of knowledge, fome of tlgem, perhaps, fearce yet difcover’d, that may be: 
requifite to warrant aman in cenfuring the ends of God, in the bodies of: 
animals; that very few men are qualified to condemn them juftly ; and: 
thofe who have knowledge enough to judge right, will not be forward. 
to condemn, but admirethem. ‘Thus men may eafily be too rafh, in think- 
ing a part inartificially framed, upon fuppofition,. that. by the anatomical: 
diffection of it, they know all the ufes whereto the skill of: the divine ar- 
tift could defign it. 

And, it will not neceffarily follow, that becaufe in fome particularbird, or 
beaft, or fifh,weare unable to fay-why this, or that part is not to be found ; 
or why it is otherwife framed, or fituated, than that which is analogous 
thereto in man; it muft, therefore, be cafually, or undefi nedly framed, or 
placed: fince we cannot expeét from brute animals, pearing to thofe pro- 
per queftions about their own bodies, which we can receive from men 
about theirs. Nay, notwithftanding the great diligence, with which the 
more curious phyficians are obliged to cultivate anatomy, and the fre- 
quent opportunities they have'to doit, and to inquire of living men about 
what they obferve, and feel, when the natural ufe of their parts is hin- 
der’d, or perverted ; yet we are, to this day, at alofs, as to the true ufes 
of the vifible parts of the body ; to fay nothing of the invifible ones. So 
that “tis no wonder, if, in animals, whofe fabric we: have much lefs con- 
cern to inquire into, and much lefs.opportunity to examine, we, fometimes, 
find parts, of whofe ufes and_fitnefs, memare, hitherto, unable to ive 2 
fatisfa€tory account. For even in man, himfelf, tho” there be numerous 
valves found in his veins, yet, for thofe many ages, that the true ufes of 
them were unknown, an Epicurean phyfician might have thought he hac: 
reafon to look upon them as fuperfluous parts ; which, fince the circula=- 
tion of the blood is difcover’d, are acknowledg’d of the greateft utility. 


And, 
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And, fince God is both a»moft free;,and a moft wife agent, it'need.. Puysics. 
not feem ftrange, that he fhould adorufome animals with parts, or qua-\/WNS 
lities, that are not neceflary to their welfare, but that feem defign’d for ) 
their beauty ; fuch as the difpofition of the camelion to change his colour; | 
and the lovely green, blue, yellow, and other vivid colours, that adorn 
fome forts of pigeons, parrots, and the fmaller birds; and efpecially, : 
that admirable little creature, the humming-bird. : 3 

On the other fide; God's wifdom fometimes feems to be provident, and 
follicitous, not to beftow on an animal, or a part of it, more than isnecefla~ : 
ry for the ufe whereto either is defign’d. ‘Thus the veins are, by anatomifts, 
obferv'd to have but one coat, and ufually to lie more expofed than the 
arteries that accompany them, which have ftronger, and double coats, be- 
caufe they are to convey a more important liquor ; which liquor, befides 
that ‘tis more agitated, and fpirituous, is fercibly impell’d into them, by 
the {trong mufcular contraction of the heart. And, ’tis obfervable, that 
tho’ the nerves ufually lie deep, to be kept both fafe and warm; being very 
liable to be offended both by cold, and the contact of external bodies ; 
yet, as tis neceflary that the: optic nerve fhould expand. itfelf into the eye, 
the membranes which inveft that nerve, and other coats ofthe eye, except the 
retina, are made vaftly more firm than the Dura, and the Pia mater,whence 
they proceed; and tho expofed to the free air, are lefs fenfible of the cold, 
than moft pa of the body; and will bear, without danger, feveral li- 
quors, and other offenfive things, whofe-pungeney would put other nerves 
ef the body into convulfive motions: 

This condué& makes:it feem, as if God, like an excellent writing-mafter, 
did,in the great volume of his‘creatures, intend to beftow on fome of them,. 
things rather ornamental, than neceflary, as flourifhes on the capital. 
letters.of nature ; and fometimes to employ characters. of different fhapes, 
to ftand for the fametetters-; and fometimes, alfo, to employ abbrevia- . 
tions, to exprefs, in fhort, that which might be-very,juftifiable, had it.been. © 
more fully delineated: 

And, if we allow, as ‘tis very probable,, that God-defign’d, by the 
great variety of his works, to difplay to his. intelligent creatures, the 
great abundance of his wifdom ; ’tis obvious, that much of the variety, 
ebfervable in the analogous parts of animals, may be very conducive to 
fo comprehenfive a view ; whereto the beauty of fome-creatures, and parts, 
as. well as their more neceflary, or convenient ftructure, may be fubfer-. 
vient : efpecially.if the innocent delight of man be. alfointended ; as it feems 
to be; in the curious colours, and .fhapes of feveral flowers; in the melo- 
dious mufic of birds; and, in the vivid, and curioufly variegated colours of 
the feathers of feveral winged animals; particularly thofe.that make up 
the peacock’s train. : 

“Lis worth our obferving, that we are not near fuch competent judges: 
of wifdom, as of juftice and veracity: which are eftimated.by eternal and. 
fixed bounds, or riiles, very, intelligible to a moderate underftanding. But,.. 


as. for wifdom, the: more profound it is, the lefs weare able to look 
| thro 
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(KVR actions. And therefore, tho’ we may fafely conclude, that God acts 


. 
: -wifely, when he does any thing that has an admirable tendency to thofe 
: ends, we juftly fuppofe him to have defign’d; yet we cannot fafely con- 
clude in the negative, that this, or that, is unwife, becaufe we do not dif- 
a cern a wife tendency therein. For fo wife an agent may have other de- 
: ‘figns than we know of, and further aims than we can.difcern, or fufpect ; 
: | and may have at hand, or furnifh himfelf with fuch means to compats his 
: ends, and that even by the co-operation of what we think ufelefs, or 
improper, as are far above the reach of our conjectures; and without 
the knowledge of which, we rafhly cenfure the wifdom of his proceed- 
ings. | 
‘In the double horizontal dial, formerly mention’d, it would be rath 
of any tocondemn, or defpife, the various lines they find traced upon that 
ufeful inftrument, becaufe they fee they are not neceflary to fhew the 
hour of the day ; fince the mathematician, who drew thofe lines, may be 
well fuppofed to have more ends than one, or two, in making the inftru- 
ment ; and not to have drawn them by chance, or unskilfully, tho’ the in- 
confiderate cenfurers do not know for what other, or farther purpofes, 
the artift may have defign’d them. | 
Suppofe fome Indian fifher-man, unacquainted with Ewropean arts and 
-affairs, fhould come on board aman of war, under fail; he would quick- 
ly perceive, by the ufe made of the tackling, that this floating build- 
ing was very artificially contrived ; yet, if he fhould fix his eyes upon one 
.of the guns, or the anchors, and perceive that no ufe was made, or 
likely to be made of them, in failing, he would be ftrongly tempted to 
think, that thofe heavy mafles were ufelefs clogs, and burdens to the 
veflel. But if he were told the neceffity, and ufefulnefs of the guns, for 
‘defence ; and of the anchors, to ftay the fhip in ftorms; he would pre- 
fently alter his mind, and confefs, that he had blamed the-contrivers ‘for 
; that, which nothing but his ignorance kept him from-commending. 
I have dwelt the longer on this third propofition, becaufe Ithink it a 
duty, that our reafon owes to its author, toendeavour to vindicate his 
manifold wifdom, in this libertine age; wherein too many, who have 
more wit than philofophy, labour upon Epicurean, and fome- even upon 
Cartefiaw principles, to depreciate the wifdom of God; whilft others pre- 
fume to cenfure his contrivances, in the bodies of animals. | 
I had alfo a defire, that the reader fhould not barely obferve the wif- 
dom of God, but a€tually be convine’d of it. ‘To which purpofe, in my 
opinion, ‘tis very conducive, if not neceflary, befides general notions, to 
obferve, with attention, fome particular inftances of the divine skill, where- 
, in it is confpicuoufly difplay’d. “Tis true, that in the idea of a Being 
: infinitely perfeé&t, boundlefs wifdom is one of the attributes inclu- 
ded: but, for my part, I am of opinion, that this general and indefinite 
idea of the divine wifdom, will not give us fo great a veneration for it, 
as may be produced in our minds, by knowing, and confidering the admij- 
rable 
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rable contrivances of the particular productions thereof ; and their exqui- 
fite petite for thofe ends and ufes, to which they appear to have been 
defign’d. 


PROP. IV. 
We ought not to be hafly in concluding upon the particular ufe of arthing, or:the 
motive which induced the author of nature to frame it in a peculiar manner. 


Tt has been already fhewn, that fome parts are fo excellently, and ma= 
nifeftly fitted for a certain ufe, and fo much better adapted.to that, than 


to any other ; as to make it feem perverfe, to doubt of its being defign’d. 


thereto. But the like cannot be faid, in general, of all the parts of the 
body ; efpecially of the internal. There are many ufes, either neceflary, 
or highly conducive to the welfare of the animal, that have no part fo 
much more confpicuoufly fitted for them than another, as to leave it ealy 
to determine the true, and. primary offices thereof ; efpecially, with fo 
much certainty, as-thereon to ground philofophical inferences. And, of 


this difficulty, I conceive, there may be four reafons ; tho’ they do notall: 


occur in each particular cafe. 


And, firft, the whole animal itfelf, that we confider, is a part of the. 
univerfe ; and, therefore, cannot well be fuppofed to have been framed, . 
and furnifh’d with the parts it confifts of, merely for its own fake. Aind,. 


when we fay, that all its parts are contriv’d to the beft advantage to the 
animal ; I conceive, this is to be fo underftood, in a limited fenfe ; that 
the parts are excellently framed for the welfare of the animal, as far as 
that welfare is confiftent with the general ends of the author of nature, in 


the conftitution, and government of the univerfe ; which ends, becaufe-- 
they relate to the whole world, I call cofmical. It has not, indeed, been. 


prov'd, that none of thefe cofmical ends are difcoverable by us: however, 
to difcover them all, is no eafy task. Yet, it feems prefumptuous to fup- 


pote, that the welfare of particular animals is any farther defign’d, and - 
provided for, than will confift with the-cofmical ends of the univerfe, and.. 


the courfe of God’s general providence ; to which his particular providence: 
ought, in reafon, to be fubordinate. And, tho’ it feems great rafhnefs 
in men, to determine pofitively, and exclufively of others, what ends the 
omnifcient creator propofed to himfelf, in giving to the world its prefent 
frame ; yet, as far asI can hitherto difcern, I fee nothing more likely to 
have been one grand motive of fo great a variety, as we obferve in his 
corporeal works, efpecially in animals, than that he might, by fo many 


very different contrivances as are to be met with in the ftru€ture of men, . 


quadrupeds, birds, fifh, reptils, Oc. exercife and difplay his manifold 
wifdom. As man, even upon account of his body, is acknowledg’d the 
mott perfect of animals; if God had barely defign’d to give every crea- 
ture the moft advantageous ftruéture, it feems, that he fhould have made 
no other animals than men. But, then, there could not have been that 
diverfity of contrivance among living automata, which fo. greatly se 
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Purysics. meads the wifdom,of -him, ,who could frame fo many, and fo differing 
LAY animals ; tho’ not all equally perfect, yet all admirably furnifh’d for thole 


purpofes to which he defign’d them. It does not, therefore, argue any 
want of providence, that he has not furnifh’d man with wings, fifh with 


feet, and birds with fins and) feales; becaufe thefe parts would have 


been either fuperfluous, or burdenfom, or unfuitable to his defign of fit- 


ting fome animals to live on the earth, and others in water: and if he 


delign’d any to inhabit both, he furnifhes them with parts of a peculiar 
ftruécture ; as was formerly noted of the beaver. Were it not for this 
confideration, it would be hard to affign the reafon why vegetables are 
pot the food of all animals; but that fome fhould be carnivorous, and 
furnifh’d with appetites, and‘ organs, to devour others, and live, as 
birds and beafts of prey, upon the weaker. And twill be hard to 
fhew, why, even in animals of the fame kind, the fafety of fome fhould 
be fo much better provided for than that of others; as we fee fome 
ants, and glow-worms, furnifh’d with wings, and others not. And, _ 
even in our own fpecies, thofe of the female fex are not fo happily 
framed, in order to their own welfare, as males; fince the uterus, eu s 
which are not neceflary to, the good of individuals, but to the propagation - 
of the fpecies, fubjeét that tender fex to a fett of diteafes peculiar to them. 
So that men may, fometimes, miftake, when they peremptorily conclude, 
that this, or that part of an animal, muft, or cannot have been framed 
for fuch a particular ufe ; without confidering the cofmical, primary, 
and.over-ruling-ends, that may have been defign’d by nature, in the con- 
ftruction of the whole animal. f BA gh 0 oh RE 
2dly, Men fometimes, erroneoufly, conclude, that fuch an office cannot: 
belong to fuch a part, becaufe they think it is not fo commodioufly 
framed for it, as might be wifh’d.; without confidering, whether the 
firuétire they propofe, would not, in fome other as confiderable refpect, 
oppofe the welfare of the animal ; or, whether it would be confiftent with 
the other ufes, defign’d by nature, in that fort of creature. For, in the 
living works of fo excellent. an architeét as nature; it muit not be ex- 
pected, that any particular end fhould be profecuted, to the prejudice of 
the whole: but it muft rather be fuppos’d, that fhe aims, not only at 
particular. expedients, but univerfal fymmetry ;, while fhe excellently fits 
the feveral parts for their refpective offices ; tho’ only fo far as a due 
regard to the defign, and welfare of the whole, will permit. “Thus, as” 
we before obfery’d, tho’ man be allow’d the moft perfeCtly framed of any 
animal in the world ; yet .his body is not made the model for nature to 
form the correfpondent parts of other animals by. The lungs of a dog, 
a bird, a frog, a viper, Oc. are of a ftructure very different from ‘thote 
of man. He is ‘not furnifh’d. with fo\many ftomachs as an ox, or a 
fheep; becaufe nature intended not that he fhould ruminate like them. 
And tho’ his gall be lodg’d in a peculiar bag, within the livers yet ‘twere 
yafh to fay, that the fecretion of the bile is none of the ufes of thofe livers, 
wherein fuch a cyftis is not to be met with: fince, in fomé animals, as 
ee 
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_ in horfes and pigeons, that bitter humour is not ufually, as in man, col- 
lected into one bag: and tho’ it be fo in vipers ; yet, as far as I have 
obferv’d, the containing cyftis does not at all touch the liver. 

3dly, “Vis difficult to determine the true and primary ule of a part ; 
becaufe nature often fits one part for feveral ufes. — 

And, 4thly, it fometimes increafes the difficulty, that nature may com- 
pais the fame ends by feveral means 5 each of them fufficiently commo- 
dious. I join thefe two obfervations together, becaufe, in effect, they 
often concur to render it hard to determine the true ufe of a part. Nei- 
ther does nature conftantly employ only one part to perform a particular 
office ; but the defign’d effect is, fometimes, produced by a feries of fuc- 
ceffive operations, to which feveral parts may differently contribute. 

Neither the mechanifm of a human body, nor of very confiderable parts 
thereof, isto be affign’d from the bare ftructure of the vifible matter, whe- 
ther folid, or fluid, to be found in the veffels, and cavities of a dead bo- 
dy, skilfully diflected. For the body of a living man is a very compounded 
éngine, many of whofe functions are perform’d, not by the blood, and 
other vifible fluids, barely as they are liquors ; but, partly, by their cir- 
culation, and other motions; and, partly, by a very agile, and invifible, 
fort of fluids, call’d fpirits animal and vital ; partly, perhaps, by little 
fpringy particles ; by fomewhat that may be call’d the vital portion of 
the air; and, by things analogous to local ferments: the important ope- 
rations of all which, ceafe with life; and the agents themfeélves are hot to 

be difcern’d in a dead carcafs. So that, befides thofe manifeft ufes, which 
the vifible fabric of the engine may fuggeft to an anatomift; there may be 

_ chymical-ufes of fome parts, that ferve for the elaboration of {pirits, and 
other fluids: which ufes, as we formerly obferv’d, are not fuggefted to 
the anatomift, by the infpedtion of the ftructure of the parts ; but, to 
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_difcern them, may require no ordinary skill in chymical principles, and — 


operations. | 

Such confiderations as thefe, lead me to think it exceeding difficult to 
determine, with any certainty, the principal ufe of many particular parts ; 
efpecially, if other ufes be excluded. It is not enough to fecure us, that 
we underftand the chief funétion, and end, of a part, to know, that it 
is contrived for fuch a purpofe; fince this fitnefs hinders not, but that 
the primary ufe of the part may be another more conducive to the general 
_ welfare of the animal, or the cofmical ends of nature. And it ought not 

to feem ftrange, that fome pieces of workmanfhip, confifting of many 
parts, all of them curioufly contrived, fhould, by one learned man, be 
_ guefs’d to be defign’d for this ufe ; and, by others, for that; while both of 
them may be worthy of the artificer. , 

When fome very politic prince does a great thing, without declaring 
why ; the gueffes of the ftatefmen are often very different; tho’ none of 
them afcribe to him a defign unbecoming a wife man. So, when a learn- 
ed author expreffes himfelf ambiguoufly ; one reader Interprets his words 
to this fenfe; and another, to that: yet both of the fenfes pitch’d on, 
eV or. IT, cues. may 
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may fairly agree with the context, and the main fcope of the writer. This 


| T fay, becaufe I would, by no means, difparage the wifdom of nature, 


by propofing the difficulties I have hitherto mentioned; tho’, I confefs, 
that, upon the account of them, and fome others; I look upon many of 
the arguments that feveral authors draw from final caufes, but as con- 
jectures. And, in many cafes, I allow what is fuggefted to me, upon 
the fuppofition of the intended ufes of particular parts, rather as proper 


hints to excite, and direct, a more thorough inquiry, than as fate grounds, 
‘to build phyfical conclufions on. 


’ PERO PS TY. , 
The naturalift fhould uot fuffer the fearch, or difcovery, of final caufes, to 


make him undervalue, ov neglect, the inquiry after their efficients. 


Tis true, to inquire for what purpofe nature would have particular 
effects produced, is a curiofity worthy of a rational creature. But this. 
is not the proper task of a naturalift; whofe work is not fo much to dif- 
cover the manner wherein, as for what reafon particular-effects are pro- 
duced. Thus, an ignorant ruftic, in Exgland, knows fomething of a 
watch, if he is able to tell you, that ’tis an inftrument made to meafure 
time ; which is more than every American {favage would be able to fay ;.and 
more than thofe civiliz’d Chinefe knew, who took the firft watch they faw for 
a living creature : yet the Englifh ruftic, who knows no more of a watch, 
than that *twas made to fhew the hour of the day, underftands but very 
little of the nature of that machine. And, as the two things men aim at 
in phyfics, are to underftand after what manner nature produces the phe-. 
nomenon we contemplate; and, in cafe it be imitable by us, how we 
may, if occafion requires, produce the like effect, or come near it ; thefe ends 
cannot be attain’d by the bare knowledge of the final caufes of things, nor 
of the general efficient. But, to anfwer thofe intentions, we muit know the 
particular efficients, with the manner, and progrefs, of their operating ; and. 
what difpofitions they either find, or produce in the matter they work on.. 
Thus, he who would thoroughly underftand the nature of a watch, muft 
not reft fatisfy’d with knowing, in general, that a man made it for fuch 
ufes; but he muft, particularly, know of what materials the {pring, the 
wheels, the chain, and the balance are made; he muft know the num- 
ber of the wheels, their magnitude, fhape, fituation, and connexion, in 
the engine ; and after what manner one part moves another, in the whole. 
feries of motions ; from the expanfive endeavour of the f{pring, to the re- 
volutions of the index that points the hours. And much more mutt a 
mechanic know all this, if he means to make a watch himfelf, or to give 
fufficient inftructions for it to be made. In fhort, the negiet of efficient 
eaufes, would render philofophy ufelefs; but the ftudious fearch after 
them, will not prejudice the contemplation of final caufes. For the wife 
author of nature has fo excellently contriv’d the univerfe, that the more 
clearly, and particularly, we difcern how fuitable the means are to. Es 
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ends to be obtain’d by them 3 the more plainly we difcern the admirable 
wifdom of the author of things; who -is-“ wonderful in counfel, and ex- 
cellent in working.” Nor -will the fufficiency of the intermediate caufes 
make it needlefs to admit a firit, and fupreme caufe ; fince that order of 
things, by virtue whereof thefe means become fufficient to fuch ends, 
rauft have been, at firft, inftituted by an intelligent caufe.. And if it be 
irrational to afcribe the excellent: fabric of the univerfe, and the a¢tions 
that have manifeft tendencies to determinate ufeful ends, to fo blind a 
caufe as chance; it will be rather more irrational to afcribe to chance, the 
firft formation of the univerfe; of which the prefent ftate of things is but 
the natural confequence, or effect. For it may, indeed, be plaufibly faid, 
that, in the prefent ftate of things, the feveral parts of the univerie are, 
by the contrivance of the whole, determin’d, and thereby qualify’d to 
obtain their ends; but it cannot be, rationally, pretended, that, at the 
firft formation of the world, there was a fufficiency in the fenfelefs ma- 
terials of it, without any particular guidance of a wife fuperintendent, to 
frame bodies which are fo excellently contriv’d, and fitted to their 
re{pective ends. . ESE ae 

Upon the whole, it appears, that all confideration of final caufes, is 
not to be banifh’d from natural philofophy ; but that.’tis rather allowable*, 
and, in fome cafes, commendable, to argue, from: the manifeft ufes of 
things, that the author of nature pre-ordain’d them; that the fun, and 
moon, with the other celeftial bodies, excellently declare the power, wif- 
dom, and glory of God; and were, fome of them, among other purpo- 
fes, made to be ferviceable to man; that, from the fuppos’d ends of 
ynanimate bodies, whether celeftial, or fublunary, ’tis very unfafe to 
draw arguments, to prove the particular nature of thofe bodies, or the 
true fyftem of the univerfe ; that, as to animals, andthe more perfect 
fort of vegetables, ‘tis warrantable to fay, particular parts were pre- 
ordained to particular ufes, relating to the welfare of the animal, or 


* Final caufes are allowable in philo- } “ at others, diminifh’d. We are not, | 


 fophy ; and Sir I/aac Newton himfelf, | ‘‘ therefore, to exped, that the fame co- 
feruples not to aflignthem inthe ftru@ure | ‘¢ met fhall always exa&ly return in 
_and contrivance of the univerfe. Andof | ‘‘ the fame orbit, at the fame period 
this we havea remarkable example in | “ of time. And hence appears the 
his dogétrine of comets. ¢ Comets, (fays | “‘ reafon why comets move not in the 
“¢ that admirable philofopher) by reafon | ‘* zodiac, as the planets do; but ftray 
“ of the great number of them, the vaft | “ from it, in various motions, to all the 
“< diftance of their aphelia from the fun, | “ parts of the heavens : for, in their a- 
“ and the confiderable ftay they make } ‘ phelia, where their motion is floweft, 
“« there, muft neceflarily receive fome di- | “‘ they ought to be at the greateft di- 
- fturbance from their mutual gravita- | “‘ ftance from one another, that. their 
“* tions to each other. Whence their ec- { ‘¢ mutual attractions may be the lefs. 
“¢ centricities, and times of revolution, { Newton. Princip. p. 480. 


“ will fometimes bea little increas'd,and 
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Final Canfes of Natural Things. 
plant itfelf, or to its fpecies; but that fuch arguments may eafily de- 
ceive, if thofe who form them are not very cautious to avoid miftaking, 
among the various ends that nature may have in the contrivance of an 
animal body, and the various ways which fhe may: fuccefsfully take to 
compafs the fame ends; and. laftly, it appears, that a philofopher, never- 
thelefs, muft not let the fearch, or knowledge of final caufes, make him 
neglect a careful inquiry after efficients. 7 
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fome, whofe nature we cannot comprehend; others, whofe attri- eet ih sneet 


| T appears to me, that, among the objeéts of our reafon, there are Things above 


butes, or actions, we cannot reconcile to the fubject; and, laftly, 
others, that we cannot conceive how they fhould confift with fome acknow-. 
ledg’d truth: and thefe may be call’d things above reafon. By which I 
here underftand, not fuch things as are falfe, and abfurd; but fuch 
as, tho’ the underftanding fees fufficient caufe to affent to, yet finds itfelf 
reduced to this aflent, with a remarkable, and peculiar, difadvantage. 
And this difadvantage, ufually, proceeds either from the nature of the 
thing propofed; whichis fuch, that we cannot, fufficiently, comprehend 
it ; or, from our being unable to conceive the manner of its exiftence, and 
operation ; or, becaufe it involves fome notion, or propofition, that we 
fee not how to reconcile with fome other, which; we are perfuaded, is: 
true. The firft of thefe three forts of things, may be call’d incomprehen- 
fible; the fecond, inexplicable ; and the third, unfociable. 


The firft confifts of thofe things, whofe nature is not diftin@ly, and ad- Incomprebenfibles. | 


equately, comprehenfible by us; to which, perhaps, we may refer all fuch 
intellectual Beings, if any be granted, asare, by nature, of an higher or- 


_ der than human fouls; at‘leaft, we may refer to this head the great au- 
thor of nature. 


The fecond fort of things above reafon, confifts of fuch as, tho’ we do not Inexplicalle. 


deny to exift, yet we cannot clearly, and fatisfaétorily, conceive how they. 
can be what we acknowledge they are: as, how matter can be infinitely di-- 
vifible ; and how there fhould be fich‘an incommenfurability betwixt the- 
fide, and diagonal, of'a fquare, that the {malleft line cannot, adequately,. 
meafure them both. | | The: 
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Puysics. © ‘Lhe third fort, are things incumber’d with difficulties, and objeCtions, 
v™~ that cannot direétly, and fatisfaétorily, be removed by thofe who ac- 
Unfociable, . ; te ee A / Mansi os? re SONS LEEE 
quiefce in the receiv’d rules of inferior {ciences, and reafon but at the 
common rate ; fich objects of contemplation having fomething belonging 
to them, that appears irreconcilable with fome very manifeft, or acknow- 
ledg’d truths. e wy "ia 
hus, that man has free will, at leaft with regard to civil matters, | is 
the general confeffion of the fpecies : all the laws that forbid, and punith, 
murder, adultery, theft, and other crimes, being founded upon a {uppo- 
fition, that men have a power to forbear committing them: and the fenfe 
men have of being poflefled of this power over their own ations, is great 
enough-to,»make malefactors acknowledge their punifhments juft; being 
condemned by their own confciences, as well.as by their judges. y Yet the 
generality of mankind afcribe to God an infallible prefcience of human 
actions. But how a certain fore-knowledge can be had of contingent 
things, and fuch as depend upon the free-will of man, is that which we 
are unable clearly to comprehend. And, doubtlefs, *tis hard to conceive, 
how an infinitely perfect Being Should want prefcience ;or, that our. will 
fhould want the liberty we almoft perpetually exercife. : " 
Again, geometricians teach the divifibility of quantity ad infinitum, to 
be mathematically demonftrable. ‘Suppofe, then, a ftrait line, of three 
feet long, divided intotwo-parts, the one double to the other ; now a 
line of two feet is divifible into infinite parts, or it is not ; if you fay itis 
‘not, you contradict a demonftration; if you fay it is, you muft confefs, 
either that the line of one foot is divifible into as many parts as the line 
of two feet ; or elfe, that the infinite parts into which the line of one foot 
is granted to be divifible, is exceeded in number by the parts into which 
the ‘line of two feet is divifible ; and, confequently, that the line of two 
feet has a multitude of parts, greater than infinite. Which reafoning may 
let us fee, that we may be‘ reduced, either to rejeét inferences fairly 
drawn from manifefted, or granted truths, or to admit conclufions that 
appear abfurd ; if we will have all the common rules, whereby we judge 
e other things, to be applicable to infinites. Hence it is clear, in the 
OHEE TS general, that there may be things which furpafs our reafon; at leaft, fo - 
Bog hat 2 far, as not to be judg’d of by the meafures and rules ufed in judging of 
ordinary occurrences: for which reafon, 1 fhall call them. privileg’d 
things. | 
The imperfection But, to maniteft the imperiections of our reafon, with regard to. privi- 
ae human leo’d things, we need not. have recourfe to the divine nature: a mathe- 
matical demonftration may ferve the turn. For, fuppofe a great circle, di- 
vided into its 360 degrees ; and fuppofe any number of ftrait lines, drawn 
from the feveral affignable parts of fome one of thefe degrees, to the 
centre ; “tis manifeft, that the degrees being equal, as many lines may be 
‘drawn from any other ; and fo from every one of the reft. | ae 
‘Then, fuppote a. circular arch, equal to the aflumed degree, to be 
‘further bent into the circumference of a little circle, concentrical with the 
great 
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ereat one; it follows, from the nature of a circle, that the femi-diameters Puystcs. 
ef it, how many foever they be, can no where touch one another, but in UAVW\g4. 
the centre. Whence “tis evident, that all the lines, drawn from the cir- 
cumference to the centre-of the greater circle, muft pafs thro’ different 
points of the circumference'of the fmaller; and, confequently, that as many 
lines as can, even mentally, be drawn frony the feveral points of the cir- 
cumference of the great circle to the common centre of both circles, muft 
all pais thro’ different points of the little circle; and thereby divide it into 
as many parts as the greater circle is divided into.. Here) then, the cir- 
cumference of the lefier circle: prefents us with a curve line, which was 
not poffibly divifible into more parts than an arch of one degree, or the 
360 part of the circumference of the greater circle; yet, without being 
lengthen’d, it becomes divifible into as many parts as‘the whole circum- 
ference of the fame greater circle. And, tho’ we fhould fuppofe the circum 
ference of the internal circle not to exceed one inch ; and: that of the exte- 
rior circle to exceed the circumference of the terreftria] globe, or Orbis 
magnus itfelf; ftill the demonftration would hold. 
_ And, furely, “tis very agreeable, both to the nature of God, and to that 
of man, that fuch things as thefe fhould prove true; for we miftake, and: 
flatter human nature too much, when we think our underftanding fo un- 
limited, both in point of capacity, and of extent ; and fo free, and un- 
prepoflefs’d, as many philofophers feem to fuppofe. For, whatever our: 
ielf-love may incline us to imagine, we are really but created, and finite 
Beings, and come into the world but fuch as it pleas’d the moft free au- 
thor of nature to make us. And, from this dependance, and limitatior 
of our natures, it follows, not only that we may be born with certain im= 
preflions, appetites, or tendencies of mind ; but alfo, that the means given 
us to employ in the fearch, or judging of truth, are only proportionable 
to the defign of our make; and, therefore, may, probably, be fuppofed: 
not able to reach all kinds of truths; many of which may be unneceflary 
for us to know here : and fome may be referv’d, to render us fentible of 
the imperfections of our natures, and to make us a{pire to that condition, 
wherein our faculties fhall be much enlarged, and heighten’d. It feems 
not, therefore, unreafonable to think, both that God has fo limited our. 
faculties, that, in eur prefent ftate, there fhould be fome objeés beyond: 
the comprehenfion of our underftandings, or, that fome of his: crea- 
tures fhould not be able perfectly to underitand {ome others ; and yet, that 
he has given us light enough to perceive, that we cannot attain toa clear, 
and full knowledge of them. ° 

It may here, indeed, be objeéted, that tho’ the inftances given, have not 
been hitherto clear’d by the light of reafon, yet, “tis probable, they may 
be fo hereafter ; confideying how great a progrefs is, from time to time; 
mace inthe difcoveries of nature. I anfwer, that I imagine, what: future 
difcoveries.are made, will chiefly concern thofe things which either we are 
ignorant of, for want of a competent hiftory of nature; or miftake, thro’ 
erroneous prepofieffions, or for want of freedom, and attention, ; our 
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Puysics. fpeculations. But.as to all metaphyfical difficulties, wherein neither mat= 

LAN ters of fact, nor the hypothefes of fubordinate parts of learning are of 
force, we have little to expect. And, however it be as to other abftrufe 
objects ; I am very apt to think, there are fome things relating to the in- 
finite Being, which wil. fill remain incomprehentible, even to philofo- 
phical underftandings.. I.can {carce hope to fee thofe obttacles fur- 
mounted, that proceed not from any perfonal infirmity, or evitable faults; 
but from the limited nature of the human mind.  Befides, as mankind may 
hereafter explain fome of thofe grand difficulties, which have hitherto 
perplex'd philofophers ; fo their inquiries may, poffibly, lead them to dif- 
cover new difficulties more perplexing than the firft. For, even amoneft 
the things wherewith we are already acquainted, there are many which 
we think we know, only becaufe we never, with due attention, try’d 
whether we can frame fuch ideas of them, as are clear, and worthy for 
a rational mind to acquiefce in. This appears from the great intricacy 
that confidering men tind in the notions commonly receiv'd of fpace, time, 
and motion, Oc. and the difficulties of framing clear, and fatisfa€tory ap- 
prehentions, even of fuch obvious things. We fee alfo, that the angle of 
contact, the doétrine of afymptotes, and that of furd numbers, and in- 
commenturable lines, all which give no concern to common accomptants 
and furveyors, perplex the greateft mathematicians. Hence the growing 
curiofity of mankind is not more likely to folve fome difficulties, than to 
raife others ; which may prove more infuperable than they. 

The motion of a coach-wheel is fo obvious, and feems fo plain a thing, 
that the coach-man never looks upon it with wonder; yet after Arz/totle had 
taken notice of the difficulty that occurr’d about it, this trivial phenome- 
non has perplex’d even famous mathematicians, and continues yet to do 
fo: there being fome circumftances in the progreflive motion and rotation 
of the circumference of a wheel, and its nave ; or of two points affign’d, 
the one in the former, and the other in the latter, that have appear’d too 
fubtile for modern writers. , 

Afier what And here we may obferve, that reafon operates according to certain 
mayer a8 ideas, axioms, and propofitions, wherewith, as by rules and meafures, it 
conceives, eftimates, and judges of things. And, indeed, when we fay, 
that a thing is confonant or repugnant to reafon, we mean ufually, that it 
is either immediately or mediately deducible from, or at leaft confiftent 
with, or contradictory to one or other of thefe ftandard-rules or notions. 
But if thefe rules and notions be fuch as are drawn only from finite things, 
or are agreeable but to thofe; they may prove ufelefs or deceitful, when 

we go to ftretch them beyond their meafure, and apply them to infinites. 

To illuftrate and confirm this notion. All the things that we naturally 
do or can know, may be divided into fuch as we may acquire without a 
medium, and fuch as we cannot attain to, but by the intervention of a 
medium, or by a difcurfiveadt. ‘To the firft belong fuch notions as are fup- 
‘pofed to be connate ; as, that “ 'T'wo contradi¢tories cannot be both true ;”” 
“The whole is greater than a part thereof ;” “ Every whole number is 

either 
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either even or odd ;” Oc. as alfo, thofe other truths, that are affent- Puysics. 
ed to upon their own account, without needing any medium to prove LAWN 
them; becaufe that, as foon as by clear terms, or fit examples, they are 
plainly propofed to the underftanding, they difcover themfelves to be true 
fo manifeftly by their own light, that they want no propofition to make 
the underftanding acquiefce in them. Of this kind are fome of Exclid’s 
_ axioms ; for inftance, “If to equal things equals be added, the totals will 
be equal.’ 

To the fecond fort of things knowable by us, belongall that we acquire 
by the act of reafoning ; wherein, by means of propofitions or mediums, 
we deduce one thing from another ;-or conclude, affirmatively or nega- 
tively, one thing of another. This being fuppofed, and we being con- 
{cious to ourfelves that we are not the authors of our own nature ; all. the 
experience we have hitherto had, leads us to think, that the meafures fug~ 
gefted to us, either by fenfations, the refults of fenfible obfervation, or 
the other inftruments of knowledge, are fuch as fully reach but to finite 
things ; and, therefore, are not fafely applicable to others. And many of 
thole principles that we think very general, may be only gradual notions 
of truth; and but limited and re{pective, not abfolute and univerfal. 

And tho’ perfect fyllogifms be counted the beft and moft regular forms, 
that our reafonings can aflume; yet even the laws of thefe are grounded on 
the doétrine of proportions; for even between things equal, there may. be 
a proportion. Upon this ground, I fuppofe, it is, that mathematical de- 
monitrations have been publicly propofed of the grand fyllogiftical rules. 
And, in confequencé hereof, geometricians tell us, there is no proportion 
berween a finite line and an infinite ; becaufe the former can never be fo 
often taken, as to excced the latter ; which, according to Euclid’s defini- 
- tion of proportion, it fhould be able to do. Since then, the underftanding 
operates but by the notions and truths ’tis furnifh’d with, and fince thefe 
are its inftruments, by proportion to which, it takes meafures, and makes 
judgments of other things ; {uch inftruments may be too difproportionate 
_ to tome objecis, tobe fecurely employ’d to determine feveral particulars 
about them. ‘Thus, the eye being an inftrument which the underftanding 
employs to eftimate diftances, we cannot by that, fafely take the breadth 
of the ocean; becaufe our fight reaches not far enough, to difcover the 
extent of fo vaft an objet. And the common inftruments of furveyors, 
that would ferve to meafure the height of a houfe or a fteeple, or even of 
a mountain, cannot enable them to take the diftance of the moon. But when 
altronomers take, by fuppofition, a line that reaches from the furface tothe 
centre of the earth, tho’ by the help of this, and the parallax, they may 
tolerably meafure the diftance of the moon; yet, with all their great in- 
duftry, they cannot, by the fame way, with any tolerable accuracy, mea- 
fure the diftance of the ftars; the femi-diameter of the earth bearing no 
fenfible proportion to that of fo vaft a {phere, as makes their parallax 
vanifh: it being all one to fenfe, whether, at fo great a remove, a ftar be ~ 
obferv’d from the centre, or from the furface of the earth, "Thus when I 
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Pursics, think of a triangle or a fquare, I find in my imagination, an intuitive idea 


SYN 


of thofe figures ; that is, a picture clear and diftiné,, as if a figure of three 
fides, or of four equal fides and angles,were placed before my eyes. But if 
I would fancy a myriagon, or a figure confifting of ten thoufand equal 
fides, my imagination is overpowerd with fo great a multitude ; and — 
frames but a confufed idea of a polygon, with a very great many fides. 
For if a man fhould endeavour to frame ideas of a myriagon, or a chiliagon, 
they would be both fo confufed, that his imagination would not be able 
clearly to difcriminate them; tho’ the one has ten times. as many fides as 
the other. Thus, if you would imagine an atom, of which perhaps ten thou-_ 
fand would fcarce make up the bulk of one of the light particles of duft, 
that plays in the fun-beams; fo extraordinary a minutenefs, not having 
fallen under any of our fenfes, cannot truly be reprefented in our imagina- 
tion. So, when we fpeak of God’s omnipotence, and other of his infinite 
attributes and perfetions ; we have fome conceptions of the things we 
fpeak of, but may very well difcern them to be inadequate. And tho’ 
feveral propofitions, relating to things above reafon, feem clear enough to 
ordinary capacities ; yet he who fhall, with a competent attention, curio- 
fity, and skill, confider and examine them, will find that either their parts 
are inconfiftent with one another, or that they involve contradictions to 
fome acknowledg’d or manifefttruth, or are veil’d over with darknedfs, and 
encumber’d with difficulties, from whence we are not able to refcue them. 
"Thus, when the fide and diagonal of a fquare are propofed, we have clear 
and diftinét ideas of each of them a-part ; and when they are compared, 
we may have a conception of their incommenfurability ; yet this negative 
notion, if it be thoroughly confider’d, and far enough purfued, clearly con- 
tains that of a ftrait line being divifible iz infiuitum: and this divifibility is 
encumber’d with fo many difficulties, and is fo hard to be reconciled ta 
fome confefs’d di€tates of reafon, that philofophers and geometricians, 
tho’ convine’d of the truth, are to this day labouring to extricate them- 
felves out of thefe perplexing intricacies. 

Tis evident, that fome fubftance or other, whether God, the world, or 
matter, never had a beginning ; that is, has been for ever. But when 
we fpeak of an eternity 2 parte aute, as they call it, we do not fpeak of a 
thing whereof we have no conception at all ; as will appear to a confidering 
perfon ; yet the general notion we have, is fuch, that when we come atten- 
tively to examine it, by the fame ways whereby we judge of almoft all | 
other things, the underftanding is confounded: for we muft conceive, that 
the time efflux’d fince the firft man began to live, bears no greater proportion 
to the duration of God, or of matter, than a moment. And as there are fome | 
things, whofe nature and confequences puzzle our faculties; there are 
others, whereof tho we have a notion, yet the Modus operandi is beyond our 
comprehenfion, I do not mean only the true and certain Modus operandi, 
but even an intelligible one. Thus, tho’ many, efpecially Cartefans, and that 
upon a philofophical account, aflert that God created the world; yet, how 
a fubftance could be made out of nothing, I fear, we cannot Conca 
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And tho’ all philofophers, very few excepted, believe that God made Puysies. 
KY™S 


the world, out of pre-exiftent matter; yet how he could make it, but by 
locally moving the parts of the matter it was to confift of ; and how an 
incorporeal fubftance can move a body, which it may pafs thro’ without 
refiftance, will be found hard to explain. If it be faid, that the foul being 
an immaterial fubftance, can neverthelefs move the limbs of the human 
body, rightly difpofed ; I anfwer, it does not appear that the rational 
foul gives any motion to the parts of the body, but only guides or regu- 
lates that which fhe finds in them already. TL 
Thus then, by making obfervations of fuch things as are the proper 
objects of our faculties, and by drawing juft confequences from fuch ob- 
fervations, and from our other knowledge, we may come to be certain 
that fome things exift, and fo have general and dark ideas of them ; when, 
at the fame time, we are at a lofs to conceive how they can be fuch, or 
how they can operate and perform what they do; fuppofing the truth and 
fufficiency of fome other things we are convine’d of. ‘To be fhort, nega- . 
tive apprehenfions we may have of fome privileged things, and pofitive, 
but indiftin€@t apprehenfions of others ; and that is enough, in fome fort, to | 
make us underftand ourfelves, and one another, when we {peak of them: | 
tho’ when we fufficiently confider what we fay, we may find, that our | 
words are not accompany d with clear, diftinét, and fymmetrical concep- i 
tions of thofe abftrufe and perplexing things we fpeak of. And fince we | 
find, by experience, that we are unable fufficiently to comprehend things, 
which by clear and juft confequences may be proved to exift; this ftrongly 
argues, that fome of our conceptions may be of things whereto fomewhat 
belongs, that tran{cends our reafon, and furpafles our comprehenfion. So 
that when natural: philofophy had taught men to believe God to be an 
infinitely perfeét Being, we ought not to fay, that they had no idea of 
fuch a Being, becaufe they had not a clear and adequate one. And fince 
Ariftotle wroteRedby difcourfes of infinity, and cites the ancienter philofo- 
hers for having done fo before him ; and fince Democritus, Epicurus, Gaf- 
Padas and others, maintain either that the world is boundlefs, or that 
fpace is not finite in extent, or that the world confifts of atoms, infinite in 
number; we muft not fuppofe, they faid they knew not what, as they 
muft have done if they wrote without ideas of the things they treated of : 
tho’ we may juftly fay, that the fubject being infinite, the ideas they 
framed of it, could not be comprehenfive and accurate. ‘Thus, when the’ 
eye looks into a deep fea, tho’ it may pierce a little way into it; yet when it | 
would go deeper, it only difcovers fomewhat dark and indiftinct, which 
affects the organ fo differently from what other more genuine objects do, 
that we thence eafily difcern our fight fails us in the way, before it arrives 
at the bottom; and confequently, that there may be many things con- _ 
ceal’d there, which our fight is unable to reach. But if we really find~ 
there are things which our reafon cannot comprehend, then, whether the 
account I have given, why our faculties prove infufficient for thefe things, 


be good or not; there muft be fome true account or other of that infufhi- 
3 d 2 7 ciency. 
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-Puysies. ciency. ‘And fome things muft appear to us fo fublime and abftrufe, that. 
y we are unable to comprehend them, and to difcern fo much as the reafon 
why they cannot be comprehended by us. e 
Upon the whole, then, we may reafonably fuppofe, that the great au- 
thor of nature fo framed man, as to have furnifh’d his intelleGtive faculty 


with a light, whereby it can, not only eftimate the power of a multitude of 


other things, but alfo judge of its own nature and power, and difcern 
fome of the limits, beyond which it cannot fafely exercife its a€t of judging 


and defining. But the rational foul does not only pafs judgment of the 


things without her, but about herfelf, and what paffes within her: fhe 
fearches out, and contemplates her own fpirituality, and union with the 
body. ‘The intelle€t judges wherein its own nature confifts, and whether 
or no. itfelf be.a diftin@t faculty from the will. And to come yet clofer, 
logic and metaphyfics are the works of the human mind ; which, by framing 
thofe difciplines, manifefts thatit not only judges of reafoning, but of the very 
principlesand laws thereof; teaching what things are neceflary to obtain 
evidence and certainty, and what kind of mediums they are, from whence 
we muft not expeét any demonftrative arguments relating to a fubject. 
Thus, if we compare the bodily eye with the underftanding, which 1s the 
eye of the mind; we muft allow this difference, that the intellect is as well 


a looking-glafs as a fenfory ; fince it does not only fee other things, but it- 


felf too, and can difcern its own blemifhes, bad conformation, or what- 


ever other infirmities it labours under. The foul, therefore, when duly 
excited, is furnifh’d with a light that may enable her to judge, even of 
many of thofe original notions, by which fhe judges of other things. In 
fhort, the foul, upon trial, may find, by an inward fenfe, that fome things 
furpafs her force; as, a blind man being fet to lift-up a rock, would 
guickly find it too unwieldy to be managed by him: and the utmoft exer- 
cife of his ftrength, would but convince him of the infufficiency of it to 
farmount fo great a weight. We do not then pretend, that the eye of 
the mind fhould fee invifibles ; but only, that it fhall difcern the limits of 
that fphere of activity, within which nature hath bounded it; and confe- 


quent) that fome objects are difproportionate to it. <Arifrotle himfelf 


ays, that the eye fees both light and darknefs; which expreffion, tho’ - 


fomewhat odd, may be defended: fince, tho’ darknefs is a privation, not a 

Being, it cannot properly be the object of fight ; yet it may be perceived et 

means of the eye, from the very different affeCtion which that organ fut- 

fers, when imprefs’d by luminous objects, and when it is made ufelefs 

to us by darknefs. psi ; 
Whetber me But it may be ask’d, how can we juftify our difcourfing, at all, of things 
mn AY, WIE) fu- 


fice, difeourfe of tranfcending reafon ? 


things above The better to clear this matter, I muft make fome diftin€tions of the | 


Hee y notions or conceptions of the mind; and, for brevity fake, give names to 


shofe 1 have now occafion to employ. I confider then, that whether the 
conceptions or ideas we have of things, be fimple or compounded, they 
may be diftinguith’d into fuch as are particular or diftinét, and fuch as i 

: only 
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only general, dark, and confufed, or indiftinét. When a navigator to Puysics. 

unknown countries, firft gets a fight of land, tho’ he may be fatisfied that UAY™J 
itis land, yet he has but.a very dark and confufed picture of it made in : 
his eye; and cannot defcry whether the fhore be rocky, or what creeks or 
harbours it may have init; muchdefs, whether the coatt be well inhabited ; 
and if it be, what kind of buildings it has: all which he may plainly 
and diftinétly fee, upon going on fhore. And of fome things we have an 
adequate, of others but an madequate conception : thus, if we fuppofe the 
fame navigator fhould look towards the main fea, tho’ he might fee a great 
way diftinctly, yet at length it would appear fodark and contufedly to him, 
that at the verge of the fenfible horizon, his fight would make him judge the 
fea and sky came together ; he would, however, conclude, that the utmoft 

art of the fea he could defcry, was but a part of the ocean, which may, 
boc ought he knows, reach to a vaft extent beyond the vifible horizon. ‘T’o 
our confufed, and often, alfo, to our inadequate conceptions, belong many 
of thofe that may be call’d negative; which we employ, when we {peak 
of privations or negations, as blindnefs, ignorance, death, Oc. We have 
a pofitive idea of things that are fquare and round; black and white ; and, 
in fhort, of other things, whofe fhapes and colours make them the objects 
of our fight. But when we fay, for inftance, that a fpirit or an atom are 
invifible ; thofe words are attended with a negative conception, which is. 
commonly but dark and confufed, becaufe “tis indefinite, and removes, or 
lays:afide thofe marks, by which we clearly perceive and diftinguith vilible 
fubftances: as, when we fay, that fuch a thing is impoffible, we have fome 
kind of conception of what we fpeak; but ’tis a very obfeure and: in- 
diftiné one, at beft ; exhibiting only a general and very confufed reprefen- 
tation of fome ways, whereby one might think the thing likely to be eftect- 
ed, if-it were atall performable ; and accompanied with a perception of the 
infufficiency of thofe ways. ‘There is yet another difference in the notions 
we have of things, which, tho’ not ufually obferv’d, is too important to be 
there omitted. Of fome things we have a knowledge, that for want of a 
fitter term, may be call’d primary or direct; and. of others, the knowledge 
we have, is acquired but by inferring it from fome more known or clearer 
truth; and fo may be cail’d inferr’d or-illative knowledge. "Thus, when a 
geometrician defines.to me an hyperbola, I quickly gain a clear and diftinct 
idea of it: but when he proves to me, that this hyperbola may have fuch a 
relation toa ftrait line, which he calls an afymptote, that this line being con- 
tinued, ftill comes nearer and nearer to the prolong’d fide of the hyper- 
bola, and yet, how far foever both be drawn, will never come to touch it$ 
his fubtile demonftrations prefent me with an inferr’d or illative truth, at . 
which we arriv’d not, but by the help of a train of reafonings; and on 
which if we exercife our imagination, we fhall find this fa€titious truth, if 
swe may fo call it, accompanied but with a very dim and confufed idea. 
To thele diftinétions we may add, laftly, what belongs chiefly to the notions 
we have of true or falfe propofitions, that of our conceptions of things, fome 
are fymmetrical, or every way confiftent ; by which 1 mean, thole ae 
DL ave 
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Puysics. have thefe two qualifications; the one, that all the parts are confiftent a- 
Wve mong themfelves ; the other, that the entire idea is confiftent with all 


other truths: and fome are chimerical, or afymmetrical ; by which I un- 
derftand thofe that are either felf-deftruétive, by the contrariety of the 
parts themfelves, whereof they are made up, as if one fhould talk of a tri- 
angular {quare, or a fun-fhiny night; or being extravagant, lead to fome 


_ manifeft abfurdity that may be juftly inferr’d from them ; or into inextri- 


cable difficulties ; or elfe involve a real repugnancy to fome acknowledg’d 
truth, or rule of reafon. | 

Now the mind of man is fo framed, that, when duly inftructed, it can 
perceive a want of light in itfelf for fome purpofes; or of clearnefs, and 
completenefs, in the beft ideas it is able to frame of fome things ; and, 
on this account, can fo far take notice of the extent, and imperfection of 
its own faculties, as to difcern, that fome objeéts are difproportionate to 
it. As, when we attentively confider the dimenfions of f{pace, or thofe 
of the univerfe ; we may, by trial, find, that we cannot conceive them fo 
great, but that they may be yet greater; or may exceed the bounds, how 
remote foever, which our former conception prefumed to affign them. 
Thus, when the eye looks upon the main fea, we eafily grow fenfible, . 
that, how much foever we can difcover ofit, yet our fight falls far fhort of 
the extent of that vaft objeét. And ’tis by the fenfe which the mind has of 
its own limits, and imperfeétions, on certain occafions, that we may efti- 
mate what things ought not, and what ought to be look’d upon as things 
above reafon; for, by that term, I mean not fuch things as our rational 


- faculty cannot at: all] reach to, or has no kind of perception of: for, 


of fuch things, we cannot, in particular, either think, or {peak, like men: 
but my meaning is this, that the rational foul, being confcious of her own 
ations, and feeling that fhe knows feveral forts of things truly, and clearly; 
and, thereby, juftly concluding them to be within the compafs of her fa- 
culties; when fhe contemplates fome few things, which feem to be of 
another order, fhe is convinced, that, however fhe ftrains her power, fhe 
has no fuch ideas, or perceptions, of them, as fhe has, or may have, of 
thofe objects, which are not difproportionate to her faculties. my 

Again, the nature of the mind is fuch, that its faculty of drawing con- 
fequences from known truths, is of greater extent, than its power of 
framing clear, and diftinét, ideas of things; fo that, by fuitable, or 
fucceffive inferences, it may attain to a clear conviction, that fome things 
exift, of whofe nature, and properties, it can frame no clear, and fatif- 
factory conceptions. And, that men fhould be better able to infer pro- 
pofitions about feveral things, than to penetrate into their nature, is the 
lefs ftrange, becaufe ’tis oftentimes fufficient for our ufes, to know that fuch 


things exift; tho’ that knowledge be not accompany’d with a clear and 


diitinct idea ;.and becaufe the rules, as this, for example, “‘ whatever is pro- 
** duced, muit have a caufe, ” are often clear, and eafy, that enable the 
mind to infer. conclufions about things, whofe nature is very abftrufe. 


To. 
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To apply, then, thefe notions to the three forts of things that I have Puysics, 
reprefented, as being, in fome fenfe, above reafon. ‘There are ob- UKWNY 
jets of fo immenfe, and peculiar a nature, that, by an eafy view of 
the mind, without fubtile, and laborious inquiry, the foul difcerns, and, 
as it were, feels the objeét to be difproportionate to her powers; and, ac- 
cordingly, if fhe tries, fhe quickly finds herfelf unable to frame concep- 
tions thereof fit to be acquiefced in: and this fort of objects, I, upon 
that account, call inconceivable, or fupra-intellectual. ‘ 

But when, by attentively confidering the attributes, and operations of 
a thing, we, fometimes, find, that it hath a property belonging to it; or 

erforms fomewhat, which, by refleCting on the Beings, and ways of 
working that we know already, we cannot difcern to be reducible to them, 
or derivable from them; we then conclude this property, or this opera- 
tion, to be inexplicable ; that 1s, fuch as cannot fo much as, in a general 
way, be intelligibly accounted for: and this makes the fecond fort of our 
things above reafon. But this is not all; for the rational foul, that is al- 
ready furnifh’d’ with primitive ideas, and rules, of true and falfe ; when 
{he comes to examine certain things, and make fucceffive inferences about 
them, fhe finds, that fhe cannot avoid admitting fome confequences as 
true, and good, which fhe is not able to reconcile to fome other manifeft 
truth, or acknowledg’d propofition. And other truths are fo harmonious, 
that there is no difagreement between any two of them. The hetero- 

eneous truths, I {peak of, appear not fymmetrical with the reft of the 
body of truths ; and we fee not how we can, at once, embrace thefe, 
and the reft, without admitting the grand abfurdity, which fubverts the 
very foundation of our reafonings, that contradictions may be true. Thus, 
in the controverfy about the endlefs divifibility of a ftrait line ; as ‘tis 
manifeft, that a line of three feet, for inftance, is thrice as long asa 
line of one foot, fo that the fhorter line is but a third part of the longer ; 
it thould follow, that a part of a line would contain as many parts as the 
whole, fince each of them is divifible into infinite parts ; which feems re- 

ugnant to common fenfe ; and, to contradiét one of thofe axioms in — 
Euclid, whereon geometry itfelf is built. Upon which account, 1 have 
ventur’d to call this third fort of things. above reafon, afymmetrical, or 
unfociable ; of which eminent inftances are afforded us, by thofe controver- 
fies, wherein, which fide foever of the queftion you take, you will be un- 
able, direétly and truly, to anfwer the obje€tions that may be urg’d 
to fhew, that you contradit fome primitive, or other acknowledg’d. 
truth. ig ; 

Thefe are fome of the confiderations, by which I have been induced to 
diftinguifh the things that, to me, feem to over-match our reafon, into 
three kinds. Of thofe I ftile inconceivable, our ideas are fuch, that 
a moderate attention fuffices to make the mind fenfible fhe wants ei- 
ther light, or extent enough, to have a clear and full comprehenfion 
of them ; thofe things I have called inexplicable, are fuch as we can- 


not perceive to depend upon the ideas wherewith we are furnifh’d ; 
and: 
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Pnysics. and to ‘refemble, in their manner of working, any of the agents, whofe 
Ay nature we are acquainted with; and, laftly, thofe things which I have 
named _unfociable, are fuch as have notions belonging to them; or have 
conclufions deducible from them, that appear either difagreeable to our 
primitive ideas, or, when driven home, inconfiftent with the manifeft 
rules we are furnifh’d with, to judge of true:and falfe. 

But, by forting things above reafon, into three kinds, I do not deny that 
‘tis poffible one objeét may, in different regards, be referr’d ta more than one 
of thefe forts; as may fufficiently appear in that nobleft of objects, Ged ; 
who, when he made the world out of nothing ; or, when he difcerns the 
moft fecret thoughts and intentions of the mind ; or, when he unites an im- 
material {pirit to a human body, and maintains, perhaps, for very many 
years, that matchlefs union, with all the wonderful conditions he has an- 
nex’d to it; he fupplies us with inftances of things that are inexplicable: 
for fuch operations are not reducible to any of the ways of working krown 
to us, fince our minds can but modify themfelyes by various manners of 
thinking. And, as for things without us, all that one body can doto ano- 
( ther, by acting on it, is to communicate motion to it 3; and thereby pro- 

f} -Guce init the natural confequences of fuch motion; in all which, there 
“yx | is no a€tiom-like any of thofe I juft now afcribed to God. And fince the 

/  prefcience of thofe future events, which we call contingent, being a per- 

feCtion, is not to be deny’d to God ; and fince this feems irreconcileable. to 
the freedom of human aétions, it will afford us an infance of truths, 
whofe confiftency, and whofe fymmetry with the body of other truths, our 
reafon cannot difcern ; and which, therefore, ought to be referr’d to that 
fort of things above reafon, which I call unfociable. : 

I come now to. the third fort of thefe things, that mention’d under 
the name of incomprehenfible, or fupra-intelleétual ; which title, whe- 
ther it belongs to any other objeét, or no, certainly belongs to God, 
whofe nature comprehending all perfeétions, in their utmoft poffible de- 
grees, is not likely to be comprehenfible by our minds, who wholly want 
feveral of thofe perfections, and have but moderate fhares of the reft. We 

is are, indeed, born with, or, at leaft, have a power, and feveral occafions 
to frame an idea of a Being infinicely perfec; and, by this idea, we may 
fufficiently difcriminate the origin of it, God, from ali other objeéts what- 
foever: but, when we come to confider attentively, and minutely, what is 
containd inthe notion of omnipotence, omnifcience, eternity, and thofe other 
attributes that are all united in that great affluence of perfections, God ; 
we may be fure to find, that our faculties are exceedingly furmounted by 
the vaftnefs and glory of that unlimited, and unparallel’d: objet; about 
which, as we can difcover that it exifts, and that it poflefles all the perfe- 
€tion we can conceive ; fo we may, at the fame time, difcern, that it mutt 
have degrees of perfection, which, becaufe of the inferiority of our nature; 
‘ve are not able to comprehend. Yet this difcovery of God’s incomprehen~ 
fibility, may be made, without fubtile inquiries, and without trains of con= 
fequences, tho’ not without attention, by a direét view of the mind; 7 

has 


| 


Things above Rr 180 N, ‘confider'd 209 


finds itfelf, ‘upon trial, as unable, fully to meafure the divine perfections, Puysrcs. 
as the dimenfions of {pace, which we can conceive to be greater and greater, YN 
without ever being able to determine any extent beyond whofe limits they | 
cannot reach. — | 3 
“Tis indeed, therefore, arrogance to talk of infinite, or of privileg’d . 

things, withthe fame confidence, or to pretend to do it with the fame 
clearnefs, wherewith knowing men may fpeak of things, unqueftionably 
within the compafs of our underftandings : but this need not hinder US, 
nor doth difable us from {peaking rationally of privileg’d things them- 
felves. For all allowable notions, are not of the fame fort, or order ; and 
if none were to be admitted but thofe that enable us to comprehend the 
object, that is, which give usa clear and diftinét knowledge of all that it 
contains, or that belongs to it ; I muft confefs, we have no good no- 

tions of privileg’d things in particular. I muft add, that I fear we have - 

few or none, even of many things, that we think ourfelves very know- 
ing in. And when we {peak of things, as being above reafon, tho’ we 
have no clear, diftinct, and adequate idea of them; yet we may have a 
general, confufed, and inadequate notion of them ; which may fuffice to 

make ‘us diftinguifh their refpective objects from all elfe, and from one 
another; as may be obierv’d in feveral ideas that are negatively framed ; 

- fuch as thofe we have of invifible, incomprehenfible; and in others, which 

formerly call’d inferr’d, becaufe they accompany the remote inferences 
whereby one truth is concluded from, another ; as when geometricians infer 
from fome propofitions in Euclid, that any ftrait line may be divided farther 

and farther, without ftop. For, of this, and fome other propofitions, about 
privileg’d things, we are not quite deftitute of allowable notions, as may ap- 
pear by fome admirable fpeculations of mathematicians, about the affections 

of furd numbers, and incommenfurable magnitudes, of fome of which we | 
have no fuch clear and fymmetrical conceptions, as we have of many other | 
things that are of a nearer, and more intelligible order. I fhall not, there- 
fore, fcruple to acknowledge, that by my own experience, the confeffions 
of others, and by their unfuccefsfyl attempts, I am induced to think, that 
God, who is a moft free agent, having been pleafed to make intelligent 
Beings, may, perhaps, havemade them of different ranks, or orders, whereof 
men may not be the principal; and that, whether there be fuch orders, or 
no, he hath, at leaft, made us men of a limited nature, in general, and of 
a bounded capacity ; and accordingly, hath furnifh’d man either with 
certain innate ideas, or models, and principles ; or, with a faculty, or 
power, and difpofition, eafily to frame them, as it meets with occafions 
to excite them. But, becaufe God intended the mind of man ofa limi- 
ted capacity, his underftanding is fo conftituted, that the in-bred, or eafily 
acquired ideas, and primitive axioms, wherewith it is furnifh’d; and by 
relation, or analogy whereto, it judges of all other notions and propofi~ 
tions, do not extend to all knowable objeéts whatfoever ; but reach onh 
to fuch as have a fufficient affinity, or bear fome proportion to thofe 
primary oe and rules of truth, a are fufficient, if duly improvd, 
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_ Puysics. to help us to attain, tho’ not the perfeét knowledge of truths of the high- 
: eft order, -yet the competent knowledge of as much truth, as God thought 
iy fit to allow our minds, in their prefent ftate of union with our bodies. 
~ And, indeed, I fee no reafon to repine at the limits which the author 
of nature affigns to human knowledge. For the number of privileg’d 
things, is altogether inconfiderable, in comparifon of the multitude of 
others, to which our knowledge may be improv’d to reach ; and which it 
far more concerns us well to know, than it doth to refolve puzzling que- 
ftions, about things incomprehenfible ; there being, within the compafs of 
thofe truths, enough to employ, and reward our diligence, without ftrain- 
ing and tiring our reafon about objeéts that tranfcend it. Yet, even 
about thefe, fome inquiries may be allowed ; for an objeét that is, on account 
of fome of its properties, privileg’d, may have feveral others belonging to 
it, that do not furpafs our reafon ; and whofe knowledge may, therefore, 
be attain’d by the due employment of it. Thus we ufefuily ftudy the 
nature of bodies, which make up the object of natural philofophy ; tho’ 
the true notion of body, in general, be a thing fo difficult to frame, that 
the beft of our modern philofophers can, by no means, agree about it. 
This Ido not wonder at, becaufe, if we purfue the notion of body to 
the utmoft, “twill lead us to the perplexing controverfy de compofitione con- 
tinui ; and there the underftanding will be left in the dark. Thus fur= 
veyors, carpenters, architects, and many others, know feveral properties 
of the fquare figure, that are of great ufe to them in their refpective em- 
ployments ; tho’ this, that its fide, and diagonal, are incommenfurable, be 
unknown to moft of them ; and if they were told of it, and fhould pre- 
fecute the fpeculation, *twould involve them in exceeding great, and, pro- 
bably, infuperable difficulties. | 
And, even about privileg’d things, our inquiries, if difcreetly manae’d, 
_ may not only be allowable, but, fometimes, profitable. For, of fuch fub- 
jects, a ftudious fearch may bring us to know more than we did, tho’ not 
fo much as we would, nor enough to be acquiefced in. ‘This may, proba- 
bly, teach us to know both the objeéts berter, and ourfelves the better 
: too; by giving us fuch a fenfible difcovery of the infufficiency of our un- 
_ derftandings, to comprehend all forts of things, as may be very ufeful,, - 
tho’ not pleafing ; and may richly reward the pains that ended in fo inftru- 
étivea difappointment. ‘Thus in the nobleft inftance that can be given, the con— 
templation of God himfelf, tho’ he has fo order’d all things, that ’tis fcarce 
poffible for us to be deftitute of an idea of him ; yet when we come, with 
a fufficient application of mind, to pry into the wonderful attributes of 
this moft fingular, and adorable Being, we are fure to find ourfelves un- 
able to comprehend {fo unbounded an objeét. This, however, ought not 
to difcourage us from fo noble a ftudy, fince we are allowed the great 
contentment and honour to make further and further difcoveries of 
the moft excellent of objects, by that very immenfity of his perfections 
that renders it impoflible for us to reach to the bounds. of his excellency, or 
rather to difcover that it has any bounds at all. 
: | | SECT. 
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Proceed, in the next place, to offer fome rules and direétions, whereby Rules for judg- 
to regulate, and eftimate the reafonings: we meet with; coficerning ing of things : 
things above reafon. | itis: | 
And, firft, I would obferve, that as to privileg’d fubjeéts, we fhould 1 fut ru. | 
not admit any affirmative aflertion, without fuch proofs as are fufficient | 
in their kind. | : 
For, ’tis not reafonable to give affent to any thing, as a truth, without 
a fufficient ground for that affent. And tho’ it may well be granted: in 
the general, that a thing, which furpafles our reafon, may have belonging | 
to it fome property that is alfo above reafon ; yet we are not, in parti- 
cular, to believe, that this, or that affection belongs to it, without parti- 
cular and competent proof. _ For, fince about a privileg’d thing, as well 
as about any other, propofitions may be framed, and often are fo, con- 
trary to one another; to afient to both, were certainly to believe one fal- 
fity, if not two. » And if we will affent but to one, we muft either judge 
at adventures, or allow ourfelves to examine the mediums of probation, 
employ d on both fides ; and thereupon judge why one of the propofitions 
is to be aflented to, and the other rejeéted. 'This manly freedom muft be 
allow’d ; without which, our underftandings were liable to be impos’d. on, 
in matters of the higheft concern: for, there fcarce ever did, or, I fear, 
ever will, want fome men, who, either out of ignorance, and paffive delu-- 
fion, felf-confidence, or defign, take upon them, with great boldnefs, to 
affirm what they pleafe about privileg’d fubjeéts: and,-when they are 
oppofed in their extravagancies, by reafonings they cannot anfwer, they 
urge, that thefe things, being above reafon, are not:to be judg’d of by 
it, But; of fuch men as thefe, I ufually demand, whether their own aflent 
tothe things they would have us believe, be grounded upon fome rational 
argument, or not. If they fay, *tis not, they are fools to believe it them- 
felves ; and I fhould add to the number, if, after this acknowledgment, I 
believ'd them. But, if they fay, it is, I defire them to produce their 
argument ; for, fince ‘tis framed by a human underftanding, the force of 
it may, alfo, be comprehended, and judg’d of by a human underftanding : 
and ‘tis to no purpofe to fay, the fubject furpaffes human reafon ; for, if 
it do fo indeed, it will furpafs theirs, as well as mine, and fo leave us upon 
eventerms. And, let the thing affented to,, be what it will, the affent it- 
felf ought to be founded upon a fufficient reafon ; and, confequently, upon 
one that is intelligible to the human underftanding, that is wrought on by, 
it. 3 
The pofitive proofs requir’d for an affertion, about a privileg’d thing, 
muft, we fay, be fufficient in their kind; but we are not to expect rigid 
demonftrations of fuch affertions: for, fince tis manifeft, that there are 
many truths, fuch as hiftorical and political ones, that, by the nature of 


the things, are not capable of mathematical, or metaphyfical demoniftra- 
mG tions, 
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Puysics: tions, yet, being really truths, have a juft title to our affent ; it muft be 
YN acknowledg’d, that a rational aflent may be founded upon proofs that 
reach not to rigid demonftrations: it being fufficient, that they are ftrong 
enough to make a wife man acquiefce in them. And therefore, if any 
things can, be made out to be reveal’d by God, concerning his own na- 
ture, actions, or decrees, we ought to receive them; becaufe, of fome of 
thofe things, as his prefcience, mercy, Oc. we can have no better proofs ; 
and of others, as, what he did before our world was made, and what he 
will do with us after we are dead, we can have noother confiderable proofs 
at all. ‘There is no reafon to think, that becaufe an object furpafles the 
human underftanding, it muft, therefore, furpafs the divine intelleé itfelf. 
Even in the things that are tranfacted in the mind of man, Imay learn’ 
from another, who is not my fuperior, what I can by no means attain 

: to know, unlefs he be pleas’d to difcover it to me. 
Intelligibility to the human underftanding, feems no more neceflary to 
the truth, or exiftence of a thing, than that vifibility, to a human eye, 
fhould be neceflary to the exiftence of an atom, or of a corpufcle of air, or 
| of the effluvia of a load-ftone, or the fragrant exhalations of amber-greece, 
| or musk. The natural incapacity of a child, to underftand the abftrufe 
he properties of parabolas, hyperbolas, and the incommenfurable lines of a 
{quare, hinders not thofe figures from exifting, or their properties from 
being true and demonftrable. And, tho’ we do admit fome privileg’d things, 
yet there is no neceffity that we fhould be debarr’d from all knowledge of 
thofe fublime objects, in which there are many things, whereof we muft — 
confefs ourfelves ignorant. ‘The ancient geometricians knew very well 
what a rectangular triangle was, when they conceiv’d it to bea figure 
confifting of three ftrait lines, two of which, comprize a right angle; tho’ 
probably, for a great while, they did not know all its chief properties ; 
fince, for ought appears, before Pythagoras, it was not known that the 
fquare of the hypothenufe, is equal to the fquares of both the other fides 
taken together; and much more likely it is, that they were not able to 
folve thofe difficulties which attend the endlefs divifibility of lines infer- 
able from that equality. | 
But every thing hard to be underftcod, or contrary to the common — 
rules of probability, has not a right to pafs for privilee’d ; * for then, the 
paradoxes about furd quantities, the duplicate proportion, and feveral 
otherfurprizing doctrines, capable of mathematical demonftrations, would 
! be 
* “ Let it be propofed (fays the inge- , “ ry. For the body, on which the fi- 
nious Mr. Hauksbee ) to reprefent the | ‘© gure isto be feen, muft be opake by 
figure of an objet, placed behind an o- | “ the hypothefis, and the objet placed 
pake body, upon the contrary fideofthat | ‘ on the contrary fide to that whereon 
“6 opake body ; and this without the help | ‘* ’tis feen ; fo that either the light muft 
of optic-glaffes, or any foreign adventi- | ‘ betranfmitted thro’ this body, and then 
“* tious lights: perhaps the folution might | ‘ “tis not opake, contrary to the fuppo- 
*s be thought impofhible ; orthe very terms | “ fition ; or elfe the light muft not be 
‘of the problem abfurd and contradifto- |  tranfmitted, and then no figure i 
De 
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-- opinions, about matters wherein ourfelves have only opinion, not 
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be privileg’d: ‘Nor are all thofe worthy of this title, that are by many Puysics. 
propofed and embraced as philofophical myfteries; fuch as fubftantial UAW 
forms, which are really only {cholaftic chimeras. But tho’ I fhall not pre- 
fume, pofitively, to fet down the difcriminating bounds, and figns of pri- 
vileg’d things ; yet moft, if not all of them, are either primary in their 
kind, as God himfelf, and the things whofe nature flows immediately from 
him ; or elfe, things that, if thoroughly infpe¢ted, neceflarily involve the 
confideration of fome kind of Infinitum; or elfe, are fuch, that tho’. in 
fome principal queftions about them, one fide muft be taken, both fides 
are encumber’d with abfurdities, or fcarce fuperable difficulties. Thefe 
being the ufual marks that belong to privileg’d things, their number 
cannot be very great; and therefore, we fhall not, by allowing them, 
want objects whereon to exercife our faculties. 

2dly, We fhould not be hafty to frame negatives about  privileg’d 4 fecond rule, 
things ; or to reject explications, or propofitions of them, as if they were 
abfurd, or impoffible. 

We obferve, that even in natural things, ’tis very unfafe to affirm, or 
reject opinions, before men have a competent hiftorical information of 
what belongs to thefubjec& they take uponthem to judge of. And there-. 
fore, it muft, in reafon, be thought much more unwary to be forward to 
refolve upon negative propofitions, about things which, fince we our- 
felves acknowledge to be above the reach of human reafon, ’twill become 
us, at leaft to forbear a rude, and infulting way of rejecting the opinions. 
of learned men, who diflent from us, about fuch things ; for the fubli- 
mity of the fubjeét may render miftakes the more excufable, becaufe dif- 
ficult to be avoided ; and our own fharing in the inability of penetra 
ting fuch abftrufe things, fhould keep us from being over-confident, that 
we, alfo, may not be miftaken ; and incline us to tolerate other men’s 


2 Aoki 


fcience. 

But, I muftnot be underftood to fpeak againft all framing of negative 
propofitions, about privileg’d things; my defign being to diffuade from do- 
ing it haftily : for, fometimes, *tis much more eafy and fafe, to deny things,. 


‘* be feen ; for all diftributions of light, | ‘ of, men may feem to argue very plau- 
““ by optical artifices, are excluded. | ‘* fibly, and to ,find downright abfurdi- 
“ The thing, however, is plain matter of | ‘* ties, and contradi@ions in, may yet be 
““ fa&;” as he fhews, by lining a globe | ‘‘ brought about by the genuine force: 
of glafs, in part, with melted fealing-wax, | ‘‘ of nature, afting in convenient-circum- 


common fulphur, or melted pitch, and gi- 
ving it a circular motion ; for when his 
hand was then applied to the lined part, 
he diftin&ly, and perfe&ly faw the fhape 
and figure thereof, upon the concave fur- 
face of the wax, €%c. within. Hence that 
Gentleman thinks it may be ufeful to ob- 
ferve, ‘* that many odd effefts, and ap- 
** pearances, againft the peflibility where- 


“¢ ftances, upon proper and fuitable bo- 
“* dies;” and therefore, that ‘* we fhould: 
*“not, upon fuch occafions, proceed to 


*< conclude too peremptorily, what may,. 


‘¢ or may not be done; and think that every. 


‘© difficulty, or apparent impoffibility to. 


‘* ys, is a real one to nature.” See 


Hauksb. Experiments po 16].-17 1.2 p> 2680. 
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Puysics. than to affirm them to belong to a fubjeé that furpaffes our reafon. And, 

L4Y™/ the obfervation may be of ufe, efpecially in two cafes; one, when the 
negative, we affert, is grounded not upon axioms taken from the ufual 
courfe of nature, or upon propofitions dubious, or remote from the firft 
principles of knowledge ; but upon either univerfal, or metaphyfical axi- 
oms ; or elfe upon truths manifeftly owing from fome clear, tho’ inade- 
quate notion, we have of the nature of the things we treat. The other 
cafeis, when we have a clear and fufficient proot by revelation, or other- 
wife, of the pofitive attributes of the things we contemplate; for then 
we may fafely deny of that fubjeét, any other thing that is really incon- 
fiftent with the pofitive attribute. Upon which account, tho’ we do 
not fully comprehend what God is, yet knowing by the clear light of 
nature, that he is a Being intelligent, and infinitely perfect, we may fafely 
deny, againft Epicurus, Vor/tius, and Mr. Hobbs, that he is a corporeal fub- 
{tance ; as alfo that he is mortal, or corruptible. 

A third rule for 3dly, A matter of fa@, or other propofition about privileg’d things, be- 
Tene fi. ing prov’d by arguments competent in their kind, we ought not to deny: 
-reafons it merely becaufe we cannot explain, or, perhaps, fo much as conceive 

the Modus of it. | | isan 
I have obferv’d a want of clearnefs in feveral difcourfes, where the 
term Modus has been employ’d. Sometimes we would deny by it, fo much as 
a poffibility that one thing can belong to, or be truly {aid of another ; as 
when we fay, we underftand not how one creature can create another, or 
how there can bea line that is neither ftrait nor crooked, ora finite whole 
number that is neither even nor odd. But most commonly we mean, by 
our not underftanding the Modus of a thing, that we do not clearly and di- 
ftinctly conceive after what manner the property, or other’ attribute, of a 
fubject belongs to it, or performs its operations. The firft kind may be 
call’d a poffible Modus, and the other an a@tual Modus. Now in both the 
foregoing acceptations of the term, we may find inftances fit for our pre- 
— fent purpofe. For we cannot imagine, how a fhort line, or other finite 
quantity, fhould be endlefly divifible; or, on the contrary, how infinite 
parts fhould make but a finite total: and yet geometry conftrains us to ad- 
mit that itis fo. But tho’ there be few inftances of this kind, yet of the 
other fort of our ignorance of the Modus of things, there may be found 
more inftances than we could with there were ; for even in natural and 
corporeal things, the eager difputes of the beft philofophers, and the in- 
genuous confeffion of the moft judicious and moderate, fufficiently mani-. 
feft, that as yet we know not the manner of operation, whereby feveral 
bodies perform, what we well know they bring to pafs... And not to enter 
into thofe nice and tedious difputes, about the caufe of the cohefion of the 
parts of matter in the {malleft, moft principal, and moft primary bodies ; 
perhaps the way whereby the rational foul exercifes any power over the 
human body, and the way whereby the underftanding and the willa@ 
upon one another, have not yet been intelligibly explain’d by any. The 
lke I may fay of the phenomena of the memory ; efpecially in thofe who | 


are 
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are eminent for that faculty. °Tis hard to conceive, how in fo narrow a Puysics. 
compafs as part of a human brain, there fhould be fo many thoufand di- UZYW™A 
ftinét cells or impreffions, as are requifite to harbour the charaéters or ) 
_ fignatures of feveral languages, each of them confifting of many thou- 
fand different words; befides the images or models of fo many thou- 
fand faces, {chemes, buildings, and other fenfible objects, and the ideas of 
fo many thoufand notions and thoughts, and the diftin€ traces of multi- 
tudes of other things: and-how all thefe fhall, in fo {mall a {pace, have 
fuch deep and lafting impreffions made for them, and be oftentimes lodg’d 
fo exa€tly in the order wherein they were at firft committed to the memory, - 
that upon a fudden command of the will, or a flight cafual hint, a whole 
fett of words, things, and circumftances, will ina trice, as it were, ftart 
up, and prefent themfelves, even in the very feries, order, and manner, where- 
in they long before were ranged. And I doubt not, that befides thofe 
abftrufe things, about the Modus of which, the more candid philofophers 
have confefs’d their ignorance, there would others have been taken notice. 
of, if we did but as fully and impartially inquire into the nature of alt 
the things we think we know. And confidering the yet depending dif- 
putes between philofophers and mathematicians, about the nature of place: 
and motion, which are things obvious and familiar to us; one might, 
without other inducements, be inclined to think, we fhould find many dif- 
ficulties in many other fubjeéts, wherein we do not now take notice of | 
any, if we particularly ftudied their nature; and that our acquiefcing in 
what we have learn’d about many things, proceeds not from our greater 
knowledge of their nature, but from our having exercifed lefs curiofity 
and attention in confidering it. And if in things corporeal, that are the 
familiar objects of our fenfes, we are often reduced to confefs our igno- 
rance of the Modus of their exifting, or operating; it will not be denied, 
that to a Being wholly unapproachable by our fenfes, natural philofophy 
may be allow'd to afcribe fome things, whofe Modus is not attainable by 
our underftanding : as the divine prefeience, which, as *twere impious to. 
deny, fo, I fear, *tisimpoffible to explain, as. to the Modus of it. 

And, perhaps, upon the fame grounds, ’tis as inconceivable, that God- 
fhould fee our thoughts, as how he can know our outward a@tions ; for 
fince we have no. way of difcerning the particular motions of mens bodies, 
but by fome of our fenfes, efpecially our fight ; and fince thofe fenfations: 
themielves neceflarily require organs duly conftituted, that is, made up of. 
feveral parts, framed, and join’d together after a determinate manner ; 1 
fee not how we can explain the perception of vifible objeéts, without an 
eye, or fo much as any corporeal organ or fubftance ; efpecially, fince tis 
very juitly aflerted, that the deity is not united to any portion of matter,. 
as the human foul is to the human body. 

We do not, however, deny to God either the power of moving matter, or 
that of perceiving all its motions; for which there is fome pofitive proof,’ 
competent in its kind. For if there be an effet, that we -difeern muft 
proceed from fuch a caufe or agent, we may conclude, that fuch a caurh 

| there: 
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Puysics. there is; tho’ we do not particularly conceive how, or by what operation, 


A fourth rule, 


tis able to produce the acknowledg’d effeét. ‘Thus, tho’ a man, otherwife 
of good judgment, being wholly a ftranger to mathematics, cannot con- 
ceive how a skilful aftronomer fhould, many years before-hand, foretel 
eclipfes to a day and hour, and perhaps to a few minutes; yet when the 
fuccefs, as it often happens, verifies {uch prediétions, he will be fatisfied 
that the maker of them had the skill to foreknow the things foretold in 
them. And fo the generality of learned men among us, who are not much . 
acquainted with that part of navigation, which fome moderns call Limen- 
euretica, or the art of fteering to harbours, cannot well conceive how a 
fhip that is, for inftance, in the vaft Atlantic ocean, above a thoufand miles 
from any fhore, fhould be fo directed, as to arrive juft at a little harbour, 
not cannon-fhot over; which perhaps neither the pilot, nor any other 
in thedhip, ever faw. And yet, as little as we diftinétly conceive how 
fuch an art of finding ports can be framed, we fcruple not to allow there 
is fuch an one, becaufe navigators to the Eaft and Wft-Indies could not, 
without it, find the remote ports they are bound for. 

There is a fecond fort of pofitive proofs, confifting of thofe confequences 


that are clearly and juftly drawn from any manifeft, acknowlede’d, or 


already demonftrated truth. ‘To this belong feveral mathematical propo- 
fitions and corollaries ; which, tho’ being nakedly propofed, they feem in- 
credible to the generality of learned men, and fometimes to mathematicians 
themfelves, are yet fully affented to, becaufe they clearly follow from 
either manifeft or demonftrated truths. ‘Thus, many cannot conceive 
how ‘tis poflible there may be millions of circles, whofe circumferences 
fhall each of them come nearer and nearer to another, and to a ftrait line 
affign’d; and yet none of them touch, and much lefs cut either any other 
circle, or that line, but in the fame point: and yet this is one of thofe odd 
propofitions that geometricians have rightly deduced, as corollaries from 
a propofition of Euclid. And, tho’ we cannot clearly conceive, how two 
lines, that, at their remoteft ends, are but little diftant from each other, 
fhould perpetually incline to each other, without ever meeting ; yet geo- 
metricians, that 1s, the moft rigid reafoners we know of, have beencom- ~ 
pell’d to admit this in thé conchoid of Nicomedes. ath 

4thly, When we treat of privileg’d fubjeéts, we are not bound to — 
gine: every thing falfe, that feems to oppofe fome receiv’d dictate of 
reafon. 

For, it being evident, that a great part of the diCtates of reafon are ne- 
gative, and that negative propofitions ufually {pring from the repugnancy we 
judge fome things have to a pofitive di€tate of reafon ; if thofe pofitive di- 
ctates contain but gradual and limited truths, and come to be unduly ex- 
tended to privileg’d fubjeéts, it may very poffibly happen, that a thing, 
really true, will appear falfe, if judg’d of by its agreement to one of thofe 
limited, and but refpective dictates. ’Tis alfo clear, that, in natural — 
philofophy, the ufual ground on which we reject many things, is, that we 


judge them unintelligible. And, Icenfure not the pra@tice in general, but 


think 
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think it may eafily miflead us, when extended to” things that apparently Puysics. 
tranfcend our reafon, as, for ought yet appears, fome of the modus’s, even LAS) 
_ of things corporeal, arefound to do. And, we fometimes think we have 
made compleat enumerations of the feveral ways of the exiftence of an at- 
tribute in a fubjeét, or of the operation of one thing upon another, . 
when, indeed, we have over-look’d one or other of them ; and, perhaps, ‘ 
that which we have thus omitted, may be the true one; tho’, poffibly, no 
attention, and diligence of ours, could, in fome cafes, have ferv’d the 
turn; the Modus inquired after, being not conceivable by us, tho’ it may 
be by a higher than a human intellect. | 

The fchool-philofophers, for many ages, in the catalogues they made 
of the means of a body’s working upon another at a diftance, did not 
think of the true ways by which odours and founds are communicated to 
us; and therefore had recourfe to certain unintelligible things, which they 
call'd intentional fpecies. But the moderns acknowledge, that odours are 
communicated by effluvia exhaled from the odorous body, and fitted to 
affect our noftrils ; and that founds are tran{mitted to the ear, by the un- 


_ dulating motion which the air is put into by the impulfe of the vibrating, 


EE OO ee ee 


or otherwife agitated parts of the fonorous body. 

And fuppofing the reafonable foul to be an immaterial fubftance ; tho’, 
_men think they have fufficiently exprefs’d the ways of determining the 
motion of a body, by faying, that the determination muft be either in 
the line wherein the impellent made it move, or in the line wherein it 
was determin’d to move by the fituation of the refifting body; yet the 
motions of the animal fpirits, if not alfo fome other internal parts of the 
body, may, the body being duly difpofed, be determin’d by the human 
will ; which is a way quite different from the other. And how the power 
_ of determining the motion of a body, without any power to impart motion 
to that body, fhould belong to an immaterial creature, which has no cor- 
poreal parts to refift the free paflage of a body, and thereby change the 
line of its motion ; is not yet, nor, perhaps, ever will be, in this life, clear- 
ly conceived by men: tho’ there is no doubt, that he who endow’d the 
foul with this attribute or power, perfectly underftands both how it exifts. 
in the foul, and how the foul, by exerting it, operates on the body. 

Iam, however, in no wife againft rejecting opinions that are found con- 
trary to thofe rules of reafon, at the framing of which, the things in que- 
ftion were duly confider’d: but in cafes not thought on, when fuch rules 
. were devifed, we are not always bound to fubmit to be judg’d by them; 
and to maintain an opinion unconformable to fuch a rule, may be not to 
_ oppofe a genuine and abfolute ditate of reafon, but to rectify sone 

_ that is erroneoufly thought fo; by fhewing that the rule is exprefs’d in 
more general and indefinite terms than it ought to have been. And, doubt- 
lefs, of two opinions, that is the moft rational, which is moft agreeable to 
_ thofe rules of reafon, which are framed upon the fulleft information. “Tis | 

ealy to fee, that in the rule I propofe, very few of the cafes occurring in 
ordinary difcourfe, or even in that of philofophers, will be at all con= 
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Reafon, what? 
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cern’d. And in thofe few cafes, wherein I intend the rule fhould take 
slace, I obviate inconveniencies by a double caution. The firft, by fuppo- 
fing that the opinion, which claims an exemption from the common rules, 
it not an arbitraty or precarious tenet, but fufficiently made out by pro- 
pet arguments: and the fecond, by declaring that “tis not to contradié 


right reafon, but bad reafoners, to give limitation to rules which have been 


too haftily framed and conceived, in too general terms, by men who either 
weré not competently inform’d of the variety of pafticulars, when they 
took upon them to make analyfes and enumerations; or elfe prefumed to 
infer, that a thing was not, becaufe they did not underftand the Modus of 
its exifterice of operation. And I have often thought, that the caufes of 
the great clamour that is made againft fome men, for not obfequioufly fub= 
thitting to what fome others call the rules of reafon, are, that men do not 
fufficiently underftand the nature of things, and of themfelves ; but enter- 
tain too narrow conceptions of the former, and too high an opinion of the 
Tatton? 7: : 

Reafon is often taken for a fett of notions and propofitions, employ’d 
and acquiefced in by this or that fort of reafoners, who receive names 
from this or that particular difcipline, as aftronomy, chymiftry, optics ; 
of whofe receiv’d doétrines they are fuppofed to be intirely maintainers. 
But it is alfo, with at leaft as much propriety, ufed to fignify the rational 
faculty itfelf, furnifh’d with the light that accompanies it, when it is 


rightly difpofed and inform’d. In the firft of thefe two fenfes, it feems 


but equitable to allow, that fome things ought not to be judg’d by all 
the fame rules employ’d to judge other things by; for fome of thefe 


rules were framed upon a flight confideration of common and familiar — 


things, either by the vulgar, or by men who, for want of skill or applica- 
tion of mind, did not critically regard the diftin& natures of things ; and 
yet prefumed to fettle rules, which other mens inadvertence or lazinefs has 
made them receive for certain di€tates of reafon: whereas, other natures 


fhould have been then confider’d, as well as thofe ; but not having been fo, — 
the rules I {peak of, are not always proper and fafe, when applied to — 


thefe overlook’d natures. ‘Thus, fucceflive Beings, as time and local mo- 


tion, in fome cafes require to be eftimated by other meafures than fub- _ 


ftances, whether material or incorporeal. And fo, likewife, the more nice 


metaphyficians, efpecially among the moderns, have thought themfelves — 


obliged to difcourfe of modus’s, relations, privations, extrinfecal denomi- 


nations, Oc. in avery different way from that which belongs to bodies and. . 


fpirits; tho’ the unskilful are ftill apt to confound all thefe fubje@ts, by _ 


applying to them, indifcriminately, the fame rules, or, as they imagine, 
dictates of reafon. 

The generality of philofophers, after Arifforle, conceive place to be the 
immovable and immediately contiguous concave furface of the ambient 


ies 


body; fo that ’tis a kind of veffel, which every way contains the body — 


lode’d in it ; but with this difference, that a veflel is a kind of moveable © 


place ; as, when a’bottle of wine is carried from the cellar to the table: 


bur 


ee 
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but place an immoveable veflel, or a veflel confider’d as immoveable. Puysics. 
Now fuppofing, with Ari/otle, and the generality of philofophers, the ple- UY" 
nitude of the world; it may be truly faid, that all plants, animals, mine- 
rals, ftars, and other bodies, are each of them in fuch an Ariforelian place ; 
whence it has been ufually affirm’d, that what is in no place, is not atall: 
yet it appears not, how the outermoft heaven can be properly faid to be in 
a place; fince thefe philofophers, aflerting the world to be finite, muft grant 
there is no ambient body without it, to contain it. Andif the outermoft 
heaven fhould be impell’d, by the power of God, in a ftrait line this way 
or that way, there would enfue a motion without change of place ; for the 
outermoft heaven was in none before, and does not, by its progreffion, 
come to be contained by a new ambient body. And in this ea even ac- 
cording to thofe modern favourers of Arifiotle, who approve Des Cartes’s 
definition of local motion, the world may be faid to move, without changing 
place; for it does not pafs from the neighbourhood of fome bodies to that 
of others; fince comprizing all bodies, and yet being bounded, there is no 
body for it to leave behind, nor any beyond, for it to approach: and there- 
fore, tho’ every particular body in the univerfe is naturally capable of 
local motion, yet the univerfe itfelf is not ; and tho’ every particular body 
in the world has fome determinate figure, yet the world itfelf, if it be, ac- 
cording to the Cartefiaus, indefinite, has none. 

Aviffotle, and the philofophers fince his time, have generally admitted 
the divifion, eftablith’d by him, of all Beings into fubftance and accident 5 
and accommodated their rules to-one of them, orto both. But.Gafendus, 
and his followers, have introduced a third fort of Beings, as not being 
either fubftances or accidents. Of this kind of things, they make place 
or {pace to be ; for they will not allow it to be a fubftance, becaufe it is 
neither body nor fpirit ; but only fomewhat that has a capacity to receive 
or contain bedies ; and would dubfift, tho’God fhould annihilate all the 
fubftancesthe has created. And, for the fame reafon, it is not to be call’d 
‘an accident, fince that neceflarily requires a {ubftance to refidein; where- 
as, in cafe of the annihilation of the world itfelf, and confequently all the 
fubftances that compofe it, their place or {pace would {till remain, and be 
capable of admitting a new world of the fame extent; ifGod fhould he 
pleated to create it: whence Gaffendus wittily infers, that bodies are ra- 
ther accidental in vefpect of fpace, than {pace in refpect of bodies. But 
he who ‘fhall, with an heedful and -unprejudiced eye, furvey the feveral 
shypothefes, or fyftems, maintain’d by the different fects of philofophers, 
‘may find, that tho’ the inftances will not ibe all of them the fame, yet there 
are none of thefe fyftems, wherein there may net be obfervid fomething 
or other, whereto every one of the rules, which reach to the ether fub- 
jeéts treated of in that philofophy, cannot fafely be applied. And, indeed, 
the mind.of man being, naturally, far more defirous.to,know much, than to 
_ take the pains requifite toexamine whether it does fo-or not 31s very apt to 

think, that any {mall number of things it has not diftin@ly confider’d, 
-muit be of the fame nature and. ern withthe reft, that it judges et 
. : 2 . the 
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Puysics. the fame kind. For by thus eafily attaining ‘to the knowledge of things, 
\WY™ the mind gratifies, at once, both its vanity, and its lazinefs ; looking up- 


The internal 
light of the 


| i 5 mind. 


on thefe conclufions, as marks of the excellency of its rational faculty ; 
whilft they rather proceed from a want of the due exercife of it. 

But, fince there is no progrefs ad infinitum in the Criteria of truth; and 
fince our faculties are the beft inftruments that God has given us, to 
difcover, and to examine it by; I think, a clear light, or evidence of per- 
ception, fhining in the underftanding, affords us the greateft affurance we 
can have, in a natural way, of the truth of the judgments we pafs upon 
things. And, it is not by induétion, but by evidence, that we know no- 
thing but truth follows from truth. By which it appears, that the innate 
light of the rational faculty, is more primary than the very rules of rea- 
foning ; fince, by that light, we judge even of this axiom, which is itfelf 
the grand principle of reafoning by inference. And, as the underftand- - 
ing 1s ufually look’d uponto be the eye of the mind, there is this analogy 
between them, that there are fome things which the eye may difcern 
mechanically, or by the help of inftruments; as when it judges a line to 
be ftrait, by the application of a ruler to it, or to be perpendicular, by 
the help of a plumb-line ; or a circle to be perfeét, by the help of a pair 
of compafles : but there are other things which the eye perceives and 
judges of immediately, by intuition, and without the help of organs, or 
inftruments ; as when, by the bare evidence of the perception, it knows, 
that this colour is red, and that blue; that {now is white, not black ; and 
a coal, black, not white. For, thus there are fome things, which the intel- 
leét ufually judges of in a kind of organical way; that is, by the help of 
certain rules, or hypothefes, fuch as are a great part of the theorems, and 
conclufions in hilo tontiy: and divinity; but there are others, which it 
knows without the help of thefe rules, more immediately, and, asit were, 
intuitively, by evidence, or perception ; as that “two contradictory pro= 
pofitions cannot both be true ;” that “from truth, nothing but truth can — 
juftly be deduced,” Oc. *Tis alfo, upon this evidence of perception, that 
we receive, with an undoubted affent, many primitive ideas and notions ; 
fuch as thofe of extended fubftance, or body; divifibility, or local motion, 
a ftrait line, a circle, Oc. 

And, it feems to me, that the internal light, which the author of na- — 
ture has fet up in the ntind of man, qualifies him, if he makes a right ufe 
of it, not only to apply the inftruments of knowledge, but alfo to frame, 
and to examine them. For, by the help of this light, the underftanding 
is enabled to look about, and both to confider a-part, and compare toge- 
ther, the natures of all kind of things ; without being neceffitated to employ, 
in its {peculations, the rules, or dictates of any particular {cience,or difci- 
pline ; being fufiiciently affifted by its own light, and thofe axioms and notions 
that are of a general nature, and perpetual truths ; and fo, of a higher or- 
der than the di¢tates or rules Be any particular, or fubordinate {cience, 
or art. And, by thefe means, the underftanding may perceive the imper- 
fection and falfity of fuch rules, or theorems, as thofe men who look no 


_ higher, 
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higher, nor further than their own particular fcience, or art, embrace’ Puysics. 
for certain and unqueitionable. ‘Thus, philofophers obferving, that UYU j 
they could frame aclear notion ofa thing, without eonfidering, whether it ) 
were actually in being, or not; or even when they fuppofed, that ’twas not 
actually in being ; as we can frame a clear conception of a rofe in winter, 
when there are none to be found growing ; and havea notion ofa myriagon, 
tho’, very likely, there is no fuch figure really exifting in the world ; men 
have generally concluded, that the effence of things is different, and fepa- 
rable from their exiftence : yet, when we confider, that God is a Being 
infinitely perfect ; and, that aétual exiftence, being a perfeétion, muft be- : 
long to him; we may, by the fame light of reafon, that diétated effence a 
and exiftence to be two feparable things in all other Beings, difcern, that | 
they muft be infeparable in God; and, confequently, that the fore-men- 
tion’d rule, tho’ more general than almoft any other, is not abfolutely uni- 
verfal, but muft be limited by the light of reafon. And thus, alfo, phi- 
lofophers confidering, that not only all forts of bodies, but the immaterial 
fouls of men, are endow’d with qualities, which are accidents, have inclu- - 
ded it in the very notion of a fubftance, to be the fubjeét of accidents. 

But the free intellect, finding in itfelf a notion of an abfolutely perfeét, and, . 
therefore, exiftent Being ; and confidering that to be the {ubjeé& of accidents, a 
is not a thing agreeable to the higheft perfection poffible, it concludes, 
that in God there are no accidents. | And this conclufion has been embra- 
ced as a part, not only of chriftian, but of natural theology ; and main- . 
tain’d, by feveral philofophers themfelves, upon metaphyfical, and other 
merely rational grounds. In fhort, the native light of the mind may ena- 
ble a man, who will makea free, and induftrious ufe of it, both to pafs . 
a right judgment of the extent of thofe very dictates, that are commonly | 
taken for rules of reafon; and to frame others on purpofe for privileg’d 
- things. 3 

ae Where privileg’d things are concern’d, we are not bound. to re= Affth rule. - 
ject, as falfe, whatever we know not how to reconcile with fomething 
that is true. : , : 

I think, it will not be doubted, that there are, or may be conceiv’d, 
ftrait lines, whereof one is a hundred, or a thoufand times longer than - 
another ; ‘tis alfo generally granted, that a longer line confifts of, or may 
afford more parts, than a fhorter : and, laftly, ‘tis generally acknowledg’d, . 
that no number can be greater than infinite. Now, I fhould gladly fee | 
thefe propofitions reconciled to the demonftrations of geometricians, about 
the endlets divifibility of all ftrait lines; whence they deduce, that tho. 
they be very unequal among themfelves, yet the fhorteit of them contains, . 
or may afford, infinite parts. I am far from affirming, that one truthcan 
really contradict another; yet, I think, that which is but gradual, or li- - 
mited truth, may, in fome few cafes, be irreconcileable, by us, to an. 
abfolute and univerfal truth. We may diftinguith thofe propofitions,, we 
call true, into axioms metaphyfical, or univerfal, that hold in all cafes, with- 
out referve ; and axioms colleéted, or emergent ; by which, I mean fuch 

: | | as 


222 Things above Reason, confider'd. 

Puysics. 28 Yefult from comparing together many particulars, that agree in fome- 
WAVNd thing common to them ail. And fome of thefe, tho’ they be fo general, that, 
in the ufual fubjects of our reafoning, they admit of no exceptions, yet may 
not be abfolutely, and without limitation, true. Of this we have an inftance, 
even in that axiom which, almoft, all natural philofophers have fuppofed, 
and built on, that fomething cannot be made out of nothing; which, tho’ 
at leaft, one of the higheft, or gradual truths, may yet not be univerfally 
true ; fince, for ought we know, God, who is acknowledg’d a Being infi- 
nitely perfect, may poffefs, and have exercis’d the power of creating. 
And, in fuch cafes as this, not to be able to reconcile a truth, concerning 
a privileg’d thing, with a propofition that generally paffes for true, will 
not prefently oblige us to reje&t either propofition, as falfe; but, fome- 
times, without deftroying either, only to give one of them a due limita- 
tion, and retrain it to thofe forts of things, on which ‘twas at firft ground- 
ed; and to which ‘twas, becaufeof man’s ignorance, or inconfideratenefs, 
not at firft confined. And, if the miracles vouch’d for any religion, be 
any of them granted true, it cannot well be denied, that phyfical 
propofitions are but limited, and fuch as I call collected truths; being 
gatherd from the fettled phenomena of nature, and liable to this li- 
mitation, or exception, that they hold, only where the irrefiftible power 
of God, or fome other fupernatural agent, is not interpos’d, to alter the 

courfe of nature. | 
Now, the reafon why we judge things are repugnant, being, that the 
notions, or ideas we have of them, feem to us inconfiftent ; if either of 
: thefe notions be wrong framed, or be judg’d of, by an unfic rule, we 
i may think thofe propofitions to be contradiCtory that really are not. Thus 
: thofe ufed to employ their imaginations about things, which are the proper 
objects of the intelleét, are apt to pronounce others to be inconceivable, 
: only becaufe they find them unimaginable ; as if the fancy, and the intel- 
le&t, were faculties of the fame extent. Upon which account, fome have 
fo grofly erred, as to deny all immaterial fubftances ; and chofe, rather, 
fo far to degrade the Deity itfelf, as to impute to it a corporeal na- 
ture, than to allow any thing to have a being, that is not comprehenfible 
by their imagination ; which themfelves acknowledge to be buta corporeal 
faculty. ‘But, befides this miftake of things repugnant, which arifes from 
the mifapplication, or mifmanagement of our difcerning faculties, there may 
be another, that proceeds from the imperfeétion, and limitation of our un- 
derftanding ; which being unable to judge of privileg’d things, as it does 
of other ‘objets, may, fometimes, be unableto difcover the reconcileable- 
nefs, which a more illuminated, and penetrating faculty, may ‘difcern. 
This may ‘be illuftrated, by what ufually happens at ‘fea, where ‘there isa 
free profpect; when, looking towards the main, the sky, and the-waters, 
{eem ‘to‘meet at the edge of the fenfible horizon ; tho’, imdeed, they-are as 
far diftant, as the heavens from the earth. QOn'the other hand, ifyou:skil- 
fully ‘mix ‘together, ‘the dry and fine’ powder of orpiment, -and that of 
indigo, you will produce a green colour, as is known ‘to ‘painters; where- 
in 
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in the eye takes notice but of an uniform mixture, in which it diftinguifhes Puysics. 
neither blue, nor yellow ; but if you look on this mixture thro’ a microfcope, LAW 


the former colour difappears, and you will plainly fee, inftead of it, blue 
and yellow grains of the powder, diftinét from one another. Thefe in- 
ftances may ferve to fhew the weaknefs of our vifive faculty ; and the lat- 
ter of them teaches, that a thing may appear one and different, as ‘tis 
look’d upon by a more or lefs difcerning eye. But an inftance, more to 
our prefent purpofe, is afforded by yellow diamonds, which, becaufe of 
their colour, the generality of gold{miths take to be counterfeit gems ; 
tho’ very skilful lapidaries will, by fure figns, difcover, and acknowledge 
them to be true diamonds. Whence we learn, that a more skilful judge 
may difcern an agreement in things that almoft all other men think they 
fee manifeftly to be of different natures. 


« -I have, alfo, feveral times obferved, that men judge two things to be’ 
irreconcileable, not only when they are both of them reprefented to the 


underftanding in the form of propofitions, but when one of them is only 
a notion, or a current definition. For feveral of thefe notions contain in 


them a ‘Peat or are equivalent to it: as, when a circle is defined’ 


to be a figure contain’d by a line, all whofe parts are equally diftant from 
a point in the middle; this definition contains an affirmation of the effen- 


tial property of a circle ; which, by the generality of geometricians, is, there- 
fore, diftinguifh’d from that conic fection they call an ellipfis; tho’ that. 


be alfo a figure terminated by one curve line. 


But, if a man has not genuine, and adequate notions of the things he 
judges of; he may confidently, and even upon very probable grounds, 


take things to be inconfiftent, that, in reality, are notio. Ifan ordinary 


mathematician fhould hear one man fay, that fuch a figure is an ellipfis, 
and another affirm it to be a circle ; he would think their affertions to be: 
inconfiftent, having his mind prepoflefied with an ellipfis being a conic’ 


fection, whofe properties muft, therefore, he fuppofes, be very different 


from thofe of a circle; whereas, fuch wary geometricians, as the learned. 


— Dr. Wallis, will tell him, that the vulgar notions of conic fections are not 


adequate to the figures producible by them. “Tis true, when a right. 
cone is cut quite thro’ by an inclining plane, the figure produced by the. 


feétion, agrees well with the receiv’d notion of an ellipfis, in which the di- 
ameters are of an unequal length; yet if the plane cut the cone parallel to. 


the bafis, that conic fection will be a true circle, having all its diameters. 


equal. 


*Tis, indeed, an uncommon, and unheeded account, but fuch an one’ 
upon which I have obferv’d, not only logicians, but philofophers them-_ 


felves, to err about judging things reconcileable, or inconfiftent ; that if 
a man be not fufficiently acquainted with the nature of either of the two 
things under confideration, he may think there is a contradiction between 


them, when there is none to a fuperior underftanding. For, taking it. 
for granted, that he knows one thing for a truth ; if fome other thing be 


affirm’d to be fo, which he has not skill enough to fee how to reconcile . 
"4 ; the 
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Prysics. the other ; no wonder, how well foever this may be evinced, that he fhould 
LYN as little know how-to admit, as how to reje€t it. Thus, a novice in arith- 
metic, for example, finding that, according to his rules, there is not one 
mean proportional number between 4, and 32, will fcarce be able to.re- 
concile that propofition to this other, that there are two mean propor- 
tionals between the fame numbers ; for he may, with a great appearance of 
reafon, ask how, if there be not fo much as one mean proportional, there 
can. be two? whereas, thofe who are acquainted with the nature of ranks, 
or feries of numbers, proceeding in geometrical proportion, will eafily dif- 
cern, that between thofe two, both the number 8, and the number 16, 
are proportionals. ‘hus, if an old f{chool-philofopher, or a mathemati- 
cian, not acquainted. with the later difcoveries made by telefcopes, fhould 
hear one man fay, that the moon is the moft enlighten’d when fhe appears 
full to us; and another affirm, that fhe is more enlighten’d at the new 
moon than at the full: he would readily conclude, upon the fuppofition 
that the moon receives all her light immediately from the fun, that the 
latter affirmation cannot be true ; which, yet, he would not conclude, if he ~ 
Knew that the moon is as well enlighten’d by the earth, as the earth by the 
moon: upon which account, as at the full fhe receives but thofe rays 
that come to her direétly from the fun; at the change, fhe receives both 
them in that part of her body turn’d to him, and thofe other beams of his, 
which are reflected from the terreftrial globe to that part of the moon that 
is neareft to us. And thus, alfo, before the time of Pythagoras, not only 
the vulgar of the Greeks, but their philofophers, and mathematicians too, 
‘often obferving, that a bright ftar preceded the rifing fun; and that, fre- 
quently, likewife on other days, after fun-fet, another ftar appear’d, which 
was none of the fixed ones; they, confidently, concluded, from the diftant 
- times of apparition, that the fun was attended by two different ftars ; to 
which, accordingly, they gave two different names: but Pythagoras, (who 
was a far better aftronomer, as appears among other things, by his main- 
taining, in thofe early times, the motion of the earth about the fun) un- 
dertook to difabufe them, and effected it. Now, if one who had obferv’d 
Venus, only in the morning, fhould have affirm’d, that, befides the fix 
known planets, there wasa feventh, Pho/phorws, which preceded the rifing- 
fun; and another, who had taken notice of her only in the evenings, 
fhould affert, that, befides the fame fix known ones, the only feventh was 
Hefperus, which, fometimes, appear’d after his fetting; a by-fander would 
prefently have concluded, that their affertions were not reconcileable, ei- 
ther to one another, or to the truth; which, in his judgment, was, that 
there muft be no Jefs than eight vifible planets. Yet Pythagoras, who had 
more skill, difcern’d, and taught, that thefe two phenomena were pro- 
duced by one and the fame planet, Venus, determin’d, by its peculiar mo- 
tion about the fun, to fhew itfelf near our horizon, fometimes before he 
afcends it, and fometimes after he had left it. Such inftances as thefe, 
tho’ offer’d but as illuftrations, may difluade us from being too forward — 
to rejeCt every propofition that we fee not how to reconcile to what we 
| take 


Things above Re ASO N, confider'd. : 225 


take for a truth; provided the diftrufted propofition be fuch as we would Puysics, 
acquiefce in, if we could reconcile it to the fuppofed truth. “ft , 

Upon the whole, it appears, that when two propofitions are laid down, 
one whereof is made evident to us by experience, or by reafon, aéting 
within its own jurifdiction, or compafs; and the other fufficiently 

prov d, by being mathematically demonftrated, or duly attefted by divine 
revelation; we ought not to reject either of thefe propofitions as no truth, 
merely becaufe we do not yet know how to reconcile them: but we fhould 
rather think, that the colleéted propofition is only a gradual, or limited 
truth; or elfe confider, that we knowing but fo imperfeétly as we do, 
the particular natures of privileged fubjeéts, there may, poffibly, be a 
fuperior intellect, able to difcern an agreement between what is deliver'd 
about that fubject, and the affirmation which feems repugnant to it; tho’ a 
we are not quick-fighted enough to perceive this agreement. ae 

Nor will this doérine, if duly limited to the fubjecéts wherein alone 
I would have it admitted, expofe us to have falfities impofed on us at 
the pleafure of bold, and dictating men. For, if neither of the things be 
privileged, but both in the jurifdi€tion of ordinary reafon ; I require, 
that the propofitions framed about them, be eftimated according to the | 
common dictates of reafon. And, even in cafes where one of the propo- a 
fitions is about a privileged thing; I do not at all think fit, that it fhould | 
be receiv’d, in fpite of its being repugnant to the gradual truth deliver'd 
in the other ; unlefs it can, by fome other argument, fufficient in its kind, 
be prov’d to be true. ‘Thus, tho’ men know not how to reconcile the li- ‘¢ 
berty of their own will with the infallible knowledge that God has of 
thofe ations that flow from it; yet they have unanimoufly judg’d it rea- 
fonable to believe both free will, and prefcience: the former, becaufe they 
felt it in themfelves ; and the latter, becaufe the fore-knowledge of things, 
being manifeftly a perfection, ought not to be deny’d to God, whom they 
Jook’d upon as a Being fupremely perfect ; and becaufe fome aétions, and 
events, that they all judg’d to flow from mens free will, were, as the ge- 
nerality believ’d, foretold by prophetic oracles. But, fince we have fcarce 
any way of difcovering a falfity, but by its being repugnant to fomewhat 
that is true; to deny, that, in cafes within the jurifdi¢tion of ordinary 

reafon, the repugnancy of a propofition to any manifeft truth ought to 
fway our judgments, were. to deprive us of the moft ufeful criterion to 
diftinguifh between truth and falfhood. . 

Laftlyp.in privileged things, we ought not always to condemn that opi- Th fixth ana 
nion which is liable to ill confequences, and-encumber’d with great mcon- foe iret bl: 
veniences, provided the pofitive proofs of it be fufficient in their kind. bove reafone 

That this rule may be the more eafily admitted, I ‘hall, feparately, 
fuggeft three things, which, I defire, may be, afterwards, confider'd all 
together. “ 

F irft, clear pofitive proofs, proportionate to the nature of things, are 
genuine, and proper motives to induce the underftanding to aflent to a 
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Puysics. propofition as true; fo that ’tis not always neceflary to the evidence, and 
Py firmnefs of an affent, that the underftanding takes notice of the confe- 
quences that may be drawn from it, or the difficulties wherewith it may 
be encumber’d. ‘This is plain in thofe affents which, of all others, merely 
natural at leaft, are, by knowing men, thought to be the moft. undoubted, 
and the beft grounded; I mean, the affents that are given to the truth of 
geometrical demonftrations: yet Euclid, for inftance, in all his elements 
of geometry, in fome of which furprizing paradoxes are deliver’d, con- 
tents himfelf to demonftrate his affertions in a mathematical way; and 
does not anfwer, or take notice of any one objeétion. And the geome- 
tricians of our days think they may {fafely receive his propofitions upon the 
ftrength of demonftrations annexed to them, without knowing, or trou- 
bling themfelves with the fubtilties employ’d by the fceptic Sextus Em- 
piricus, or others of that fect, in their writings againft the mathematicians, 
and all aflertors of affured knowledge. 

_ The fecond thing I would offer, is, that we have fhewn there are fome 
things which our imperfect underftandings either cannot, or} at léaft, do 
not perfectly comprehend ; and that neverthelef$ men have not refrain’d 
from prefuming to dogmatize, and frame’ notions and rules about fach 
things, as if they underftood them very well. Whence it muft needs 
come to pafs, that if they were miftaken, as in things fo abftrufe ’tis very 
likely they often were ; thofe who judge by the rules they laid down, mutt 
conceive the propofitions whats, to their miftakes to bé liable to very 
great, if not infuperable difficulties and objetions. © 

Thirdly, as we need not wonder that privileg’d things, which. are ufie 
ally fo fublime, as to have been out of the view of thofe who framed the 
rules whereby we judge of other things, fhould be thought liable to great 
objections by them who judge of all things only by thofe rules; fo we 
thould not require or expect more, evidence of a truth relating to fuch 
things, than that there are for it fuch fufficient’ pofitive reafons, as not- 

- withftanding obje€tions and inconveniencies, make ‘it, upon the whole; 
worthy to be embraced. bi 
Euclid, indeed, befides that more. fatisfactory way of dire& probation; 
which perhaps he might have oftener employ’d than he did, has fometimes, © 
where he thought it needful, had recourfe to a way of arguing to:an ab- 
furdity. But in thefe cafes, he never goes out of the difcipline he treats 
of; and confining himfelf to arguments drawn from quantity, he urges 
nothing as abfurd, but what is undeniably repugnant to fome truth he 
had already demonftrated, or to thofe clear and undifputed definitions, 
axioms, or Poftulata, which he fuppofes to have been already granted by 
thofe he would convince. But tho’ he thus argues, to prove that his 
readers cannot contradict him without contradicting themfelves ; yet we 
find not that he was at all folicitous to clear thofe difficulties, that a man 
fo quick-fighted could not but know fome of his theorems were attended 
with; but he is contented to demonftrate the incommenturability of Be 
a \ fide © 
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fide and-diagorial of a {quare, without troubling himfelf to take notice of Paysics. 
the feeming abfurdities that attend the endlefs divifibility of a ine, which UAW 
would follow from what he demonftrated. | | 

“Tis true, about fome privileg’d things there are, and about {ome others 
there may be; contraditory opinions maintain’d: “ Now, as both of thefe 
cannot betrue, one of them mutt be fo; as, tho’ it be hotly dilputed whe+ 
ther quantity be endlefly divifible, yet certainly it either muft, or mut not 
be divifible without end: and, as was formerly obferv’d, which fide foever 
you take, the inconveniencies will be exceeding great; and, perhaps, there 
will lie objections againft it fcarce to be direétly anfwer’d. And fince one of 
the two oppofite opinions muft be true, it will not always be neceflary that | 
an opinion muft be falfe, which is. encumber’d with great difficulties, or lia~ | 
ble to puzzling objections. And, therefore, if the pofitive proofs on one fide | 
be clear and cogent, tho’ there be perplexing difficulties objeéted by the 
other; the truth ought not, for their fake, to be reje@ted: becaufe fuch 
difficulties proceeding, ufually, either from notions that men prefume to 
frame about things above their reach, or from rules that were not made 
for fuch points as are in difpute ; the objeétions are not to be judg’d fo 
well founded, as is that acknowledg’d principle in reafoning, “ from 
truth nothing but truth can be juftly infer’d.” 

I confefs, Ihave always thought it reafonable, in fuch cafes, to com-= 
pare as well the pofitive proofs of one opinion with thofe of the other, 
as the objections that are urg’d on either fide; and thence make my efti- 
mate, upon the whole, tho with a peculiar regard to that opinion which 
has a great advantage in point of pofitive arguments; becaufe thofe are, a 
unqueftionably, the proper inducements to affent. And, then, the ob- 
jections may well enough be fufpeéted to proceed from the abftrufe nature 
of privileged things, and the great narrownefs of the rules whereby men 
ufually judge of things. For we may have a fufficiently clear proof, 
that a thing is, whilft we have no fatisfaétory conception of its manner 
of exifting, or operating ; our infer’d knowledge being clearer, and ex- 
tending farther, than our intuitive, or apprehenfive knowledge. 

But, even about things that we cannot fufficiently underftand, we 
may, infome cafes, exercife our reafon, in anfwering objeétions that are 
thought unanfwerable, becaufe not dire@ly fo. For we may, fometimes, . 
fhew, by framing in another cafe a like argument, which the adver- 
{ary muft confefs does not conclude well; that neither does the argument, 
containing his objection, conclude right. 

However, we muft not expeét to be ablé, as to privileged things, and 
the propofitions that may be framed about them, to refolve all difficul- 
ties, and anfwer all cbjections ; fince we can never directly anfwer thofe 
which require for their folution a perfect comprehenfion of what is in- 
finite. As a man cannot well anfwer the objections that may be made 
againft the Autipodes, the doctrine of eclipfes, that of the diferent phafes 
of the moon, and of the long days and nights of fome months near the 
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Puysics. poles, the theory of the planets, O'c. unlefs he underftand the nature of 
\MVN/ the {phere, and fome other principles of cofmography, and aftronomy. 
So that where privileged things are concern’d, clear and pofitive argu- 
ments ought to be of great weight, in favour of the opinion they conclude 
for ; even when, on the contrary fide, we may difcourfe ourfelves into 
fuch difficulties, as perplex, and, perchance, puzzle our limited under- 

ftandings. 
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refurrection of the dead, which the chriftian religion teaches, be!" 
to believe an impoffibility ? 

Ido not pretend, that the refurrection is a thing knowable, or di- 
re€tly provable, by the mere light of nature; nor that it may poffibly 
be elfected by mere phyfical agents: fo that, treating of the poffibility of 
the general refurrection, I here take it for granted, that God has been 
pleated to promife and declare, that there fhall be one ; and that it fhall be 
effe€ted, not according to the ordinary courfe of nature, but by hisown 
immediate power. ) 

It muft alfo be obferved, that the refurrection taught by the chriftian 
religion, is not here meant, in fuch a latitude, as to comprize all that any 
particular church, or feét of chriftians, much lefs what any private wri- 
ter hath taught about it ; but only what is plainly deliver’d as to this point, 
in the fcripture. | 

I muft further premife, that *tis no eafy matter to determine what is rdentity.s the. 
abfolutely neceflary, and but fufficient to makea portion of matter, con- #ifieulies of 
fider’d at different times, or places, fit to be reputedthe fame body. That“ * 
the generality of men, in vulgar difcourfe, allow themfelves a great lati- 
tude, in this cafe, will be eafily granted, by him who obferves the re- 
ceiv'd forms of fpeaking. "Thus Rome is faid to be the fame city, tho’ it 
hath been often taken, and ruin’d by the Barbarians, and others. ‘Thus, 
an univerfity is faid to be the fame, tho’ fome colleges fall to ruin, and 
new ones are built ; and, tho’ once in an age, all the perfons who compos d 
‘it, are fucceeded by others. ‘Thus, the Lames is faid to be the fame ri- 
ver, that it was in the time of our fore-fathers; tho’ indeed, the wate 

that 
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Puysics. that now runs under London-bridge, is not the fame that ran there an 
\LY™/ hour ago, and is quite other than that which willrun there an hour hence. 
And, fo the fame ofa candle, is faid to be the fame, for many hours -to- 
gether,?tho’ it, indeed, be every minute a new body ; and tho’ the kindled 
articles that compofe it, at any time affign’d, are continually putting 
-off the form of flame, and are repair’d by a fucceffion of the like. ’ 

‘Nor is it by the vulgar only, ‘that the notion of identity has been hard 
to be obtain’d ; for, it feems, that even the ancient philofophers have been 
puzzled about it; witnefs their difputes, whether the fhip of Thefeus were 
the fame, after it had been fo far repair’d, from time to time, to preferve it 
asa monument, that fcarce any plank remain’d of the former timber. And, _ 
even, in metaphyfics, I think it no eafy task, to eftablifh a true and ade-~ 
“quate notion of identity ; and clearly todetermine, what is the true principle 
of individuation. And, this is not, furprizing; for, almott every man, 
who thinks, conceives in his mind, this,or that quality, relation, br aggregate 
of qualities, to be that which is effential to a certain body, and proper to 
give it a peculiar denomination; whereby it comies to pafs, that, as one man 
chiefly refpeéts this thing, and another that, in a body that bears fuch a name; 

Re fo one may eafily look upon a bodyas the fame, becaufe it retains what he 
| chiefly confider’d in it ; whilft anotherthinks it to be chang’d, becaufe it 
has loft that which he thought was the denominating quality, or attribute. 
Thus philofophers, and phyficians difagree about water, and ice ; fonie ta- 
king the latter to be but the former difguiz’d; becaufe they are both of 
them cold, and fimple bodies ; and the latter eafily reducible to the former, 
by being freed from the exceffive adventitious degree of coldnefs; whilft 
others, looking upon fluidity, as eflential to water, think ice, upon account 
of its folidity, to be a diftinét fpecies of body. And fo the Peripatetics, and 
chymifts often difagree about the afhes and Cakes of burnt bodies ; the 
firft referring them to earth, becaufe of their permanency, and fixedneds ; 
and many chymifts taking them to be bodies Jui generis, becaufe common 
afhes ufually contain a cautftic falt; whereas earth ought to be infipid. And, 
the like may be faid of fome wood-afhes, and lime-ftone, and even coral 5 
which when well calcin’d, and frefh, have a pungent taft : befides, fome 
of them, that are inftpid, may be eafily reduced into metals, as. the Calces 
of lead and copper. | eg 
Thefe difficulties, about the notion of identity, being obferwd, will rén- 
der it lefsftrange, that, among the ancient Hebrews and Greeks, whofe lan- 
guages were fo remote, in feveral refpeéts from ours, the familiar expref- 
fions, employ’d about the famenefs of a body, fhould not be fo precife, 
as thofe who maintain the refurreétion, in the moft rigid fenfe, would have 
them. | 
In the next place, I obferve, we may, agreeably with feripture, fup- 
pofe, that a comparatively fmall quantity of the matter of a body, 
‘being increas’d, either by affimilation, or other convenient appofition of 
parts, may bear the name of theformer body ; as a large crop of corn, 
-arifing from a comparatively {mall quantity of feed fown. 
And, 


~ 
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And, here it may be proper. to mention an experiment, made by two Puysics. 
acquaintanée of mine, men of great veracity and judgment; who both UAW 
affured me, that having fown in a garden, fome afhes of a plant, like our . 
Englifb Tem POPPY> they, fooner than was expected, produced certain plants, ; 
larger and fairer than any of that kind, which had been feen in thofe parts. ‘ 
Now, this feemsto argue, that in the faline and earthy, that is, the fix’d 
particles of a vegetable, that has been diffipated, and deftroyed by the vi- 
olence of the fire, there might remain a plaftic power, enabling them to 
contrive difpos’d matter fo, as to re-produce fuch a body as was formerly 
deftroy’d. But, to this plaftic power, refiding in any portion of the de- 
ftroy’d body itfelf, it will not, perhaps, be neceflary to have recourfe, in 
our prefent undertaking ; fince an external, and omnipotent agent, can, 
without it, perform all that I need contend for. } . 

To come, then, to a more clofe confideration of thofe difficulties, The fit obje- : 
which are faid to demonftrate the impoffibility of the refurreétion, eho e il 

“Tis faid, when a man is once really dead, many parts of his body will, 7 
according tothe courfe of nature, refolve themfelves into multitudes of | 
fteams, that wander in the air; and the remaining parts, which are either 
liquid, or foft, undergo fo great a corruption, and change, that “tis not 
poffible, fo many fcatter’d corpufcles fhould be again brought together, 
and re-united, after the fame manner wherein they exifted ina human. 
body, whilft it was yet alive. And, fay they, much more impoflible is 
it, to effect this re-union, if the body have been, as. it often happens, de~ 
vourd by wild beafts, or fith; fince, in this cafe, tho’ the featter’d cor- 
pufcles of the carcafs might be recover’d, as particles. of matter ; yet, 
having already pafsd into the fubftance of other animals, they are quite - 
tranfmuted by the new form of the beaft, or fith, that devour’d them; and” 
of which they now make a fubftantial part. 

Yet, far more impoffible will this renewal be, if we put the cafe, that 
the body was devoured by Cannibals; for then, the fame flefh, belonging 
fucceffively to two different perfons, “tis impoffible that both fhould have 
it reftored to them at once; or, that any footiteps fhould remain of the 
relation it had to the firft pofleflor. _ | 

But, in anfwer to this grand objection, I have feveral things to Anfwer'd. 
offer. : | 

And, 1f, A human body is not like a ftatue of brafs, or marble, that 
May continue, as to fenfe, whole ages, in a permanent ftate ; but is ina 
perpetual flux, or changing condition ; fince it grows, in all its parts, and 
all its.dimenfions, from a.corpufcle no. bigger than an infe@,, tothe full 
ftature of a:man ; which, could.not happen but by a conftant appofition, 
and affimilation of new parts, to the primitive ones, of the little embryo. | 
And fince men, as other animals, grow but toa certain degree, and till a "J 
certain.age, and therefore muft difcharge a great part of what they eat Fi 
and drink by infenfible perfpiration, which Sanéforius’s ftatical experiments, 
and mine, affure me to,be {carce credibly great, as to men; and {ome other 
animals; both hot and’ cold; it will follow; that in no very great eae 
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Puysics. of time, a large part of the fubftance ofa human body, muft be changed. 


-convertibleintoeach other, as Sir J. Newton 


Yet ’tis confiderable, that the bones are of a ftable and lafting texture ; 
as I found, not only by fome chymical trials, but by the skulls and other 
bones of men, whom hiftory records to have been kill’d an exceeding long 
time ago. . 

2dly, ‘There is no determinate bulk, or fize, neceffary to make a human 
body pafs for the fame ; and a very {mall portion of matter, will fome- 
times, ferve the turn. Thusan embryo, for inftance, in. the womb, a new-born 
child, a man at his full ftature, anda decrepit, aged perfon, notwithftanding ~ 
the vaft difference of their fizes, are ftill reputed to be the fame perfon; as is 
evident by the cuftom of crowning kings and emperors in the mothers 
womb; and by putting malefactors to death in their old age, for crimes 
committed in. their youth. And, if a very tall, and unwieldy fat man, 
fhould, as it fometimes happens, be reduced by a confumption, almoft to a 
skeleton ; yet none would deny that this wafted man, were the fame with 
him that had once fo vaft a body. 

3dly, A body may either confift of, or abound with fuch corpufcles, as 
may be varioufly aflociated with thofe of other bodies, and exceedingly 
difguized by the mixtures, -yet retain their own nature : and of this we 
have various inftances in metals. Thus gold, for example, when diffolv’d 
in Aqua regia, pafles for a liquor; and, when dextroufly coagula- 


‘ted, appears a falt, or vitriol; by another alteration, I have made it 


part of the fewel of a flame; being dextroufly conjoin’d to another mine- 
ral, it may be reduced to glafs; well precipitated with mercury, it makes 
a glorious tranfparent powder ; precipitated with fpirit of urine, or oil 
of tartar per deliquium, it makes a falminkcine calx, that goes off very 
eafily, yet is far ftonger than gun-powder ; precipitated with another cer- 
tain alkali, the fireturns it toa fix’d and purple calx. But notwithftand- 
ing all thefe, and various other difguizes, the gold retains its nature, as 
may be prov'd by chymical operations, efpecially by reductions. And 
mercury, is of a more changeable nature than gold ; fometimes putting 
on the form of a vapour ; fometimes appearing in that of an almoft infi- 
pid water; fometimes affuming the form of a red powder ; fometimes that 
of a white, or yellow one; of a cryftalline falt; of a malleable metal: - 
and of what not? Yet, all thefe are various drefles of the fame quick- 
filver, which a skilful artift may eafily make it put off, and appear again 
in its native fhape *. ; | 

And, 


“¢ fufible, brittle ftone; and this ftone re- 
** turns into water by heat; and vapour 


* Tf grofs bodies, and light, be mutually 


feems to think they are ; what tran{muta- 
tions may there not be, in the compafs of 
nature and art ? Nature, asSir I/aac obferves, 
feemsdelighted with tranfmutations: ‘“Wa- 
‘© rer (fayshe ) fhe changes into vapour; 
** which is afort of air ; and, by cold, 
§* into ice ; which is a hard, pellucid, 


** returns into water by cold. Earth, by 
‘¢ heat, becomes fire ; and, by cold, re- 
** turns into earth. Denfe bodies, by fer- 
‘“‘ mentation, rarify into feveral forts of 
** air ; and this air, by fermentation, and 
“€ fometimes without it, returns intodenfe — 
** bodies. Mercury fometimes appears ja 
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_ And, tho’ it be true, that inftances of the permanence of corpufcles under- 
going fucceffive difguizes, may be much eafier found among metals and mj- 
nerals than vegetables and animals; yet there are fome to be met with among 
thefe too: for, not to mention Hippocrates’ s affirmation, about purging a 
child with the milk of an animal, that had taken elaterium, I once, in 
Savoy, obferv’d all the butter, that was made in fome places, during the 
{pring feafon, tafted very much of a certain weed, which, at that time, a- 
bounds in the fields there.. And, confidering how many elaborate altera- 
tions the rank corpufcles of this weed muft have undergone, in the va- 
rious digeftions in the cow’s ftomach, heart, udder, Oc. and that after- 
wards, two feparations, at leaft, were made the one of the cream from 
the reft of the milk ; and the other of the un@tuous parts of the cream, 
from the ferum; it will {carce be deny'd, that vegetable corpufcles may, 
by aflociation, pafs thro’ various difguizes, without lofing their nature ; 
efpecially fince the effential attributes of fuch corpufcles, may remain un- 
deftroy'd, tho no fenfible quality furvive, to make proof of it, as is afforded 
by our example in the offenfive taft. . And, befides what we commonly 
obferve on the fea-coaft, of the fifhy taft of thofe fea-birds, that feed only 
upon fith ; I purpofely inquired of an obferving man, wholived upon a part 

of the Jrifb coaft, where the cuftom is to fat their hogs with a fort of fhell- fith, 
wherewith that place very much abounds, about the taft of their pork ; and 
he affured me, that the flefh had fo {trong and rank a favour of the fifh, that 
{trangers could not endure to eat it. There is a certain fruit in America, 
well known to our Englifh planters, which many of them call the prickle- 
pear, whofe very red juice, being eaten with the pulp of the fruit, of 
which it is a part, pafles thro’ the various ftrainers, and digeftions of the 
body, fo unalter’d, as to render the urine red enough to perfuade thofe, 
- who are unacquainted with this property, that they make bloody urine; as 
Ihave been feveral times affured, by unfufpected eye-witnefles. But, more 
odd is that, related by a learned man, who {pent feveral years upon the. 
Dutch and Englifb plantations, in the Charibbe iflands ; when {peaking of 


* the form of a fluid metal,andfometimes | “ into flies. All birds, beafts, and fifhes, 
“in the form of a hard, brittle metal; | “ infeds, trees, and vegetables, with their 
. “ fometimes in the form of a corrofive, | “ feveral parts, grow out of water, and wa- 
* pellucid falt, called fublimate; fome- | “ try tinétures, and falts ; and, by putrefa- 
_ © times in the form of a taftlefs, pellu- | “ ion, return again into watry fubftan- 
“‘ cid, volatile white earth, call’d,.Mer- | ‘ces. Water, ftanding a few days, in 
“ cuvius dulcis ; or, in that of ared, opake, | ‘* the open air, yields a tin@ure, which 
* volatile earth, call’d, cinnabar ; or, in | “ (like that of malt) by ftanding longer, 
** that ofa red, or white precipitate ; or, | “ yields a fediment, and a fpirit; but, 
* in'that of a fluid falt : and diftillation | “ before putrefaGtion, is fit nourifhment 
* turns it into vapour ; and being agita- | ‘* for animals and vegetables. And, a- 
** ted im vacuo, it fhines like fire, And, | “ mong fuch various and ftrange tranf- 
after all thefe changes,it returns intoits | “« mutations, why may not nature change 
firft formofmercury. Eggs grow from | “ bodies into light, and lightinto bodies 2” 
“* infenfible magnitudes, and change into | Newton Optic. p. 349) 350 
** animals; tadpoles into frogs ; and worms | 
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Puysics. a fruit called fanipa, or Funipa, growing in feveral of thofe iflands, he 
AV fays, that, at the feafon when this fruit falls from the tree, the hogs, which 
feed on it, have both their flefh, and fat, of a violet colour, as experience 
witnefleth ; which colour is the fame that the juice dyes. And the like 
happens to the flefh of parrots, and other birds, that feed upon it. 

Having thus fhewn, that the particles of a body, may retain their na- 
ture, under various difguizes, I proceed to add, that they may be ftripp’d 
of thofe difguizes ; or, to {peak without a metaphor, be extricated Poa 
thofe compofitions wherein they are difguized ; and, that, fometimes, by 
fuch ways, as thofe who are itrangers to the nicer operations of nature, 
would never have thought on; nor will not, perhaps, judge probable, 
when propofed. | | 

Tho’ vitrification be look’d upon, by chymifts, as the ultimate action of 

_ the fire, and the moft powerful way of making infeparable conjunétions 
of bodies; yet, even out of glafs of lead, for inftance, made of fand, and 
the afhes of a metal; (tho’ the tranfmutation feems fo great, that the 
dark and flexible metal, is turn’d into a very tranfparent, and brittle mafs) 
we have recover’d opake, and malleable lead. And, tho’ there be fe- 
veral ways, befides precipitations, of divorcing fubftances, that feem 
ftri€tly, if not infeparably, united; yet, by precipitation alone, if a man 
have the skill to chufe proper precipitants, feveral feparations may be 
eafily and thoroughly made, that every one would not think of : for, 
tis not neceflary, that, in all precipitations, as isobferv'd in moft of the 
vulgar ones, the precipitant fhould, indeed, make a feparation of the dif- 
folv’d body, from the mafs or bulk of that liquor, or other adjunét, where- 
to ‘twas before united, and not be able to perform this, without affocia- 
ting its own corpufcles with thofe of the body it fhould refcue, and fo 
making, in fome fenfe, a new and farther compofition. ‘That fome bo- 
dies may precipitate others, without uniting themfelves with them, is 
eafily prov'd by the experiment of refiners in feparating filver from cop- 
per; for the mixture being diffolv’d in Agua fortis, if the folution be 
afterwards diluted, by adding fifteen or twenty times as much common 
water, and you put into this liquor a copper-plate, you fhall quickly 
fee the filver begin to adhere to the plate; not in the form of calx, as . 
when goldis precipitated to make Aurum fulmiuans, or tin-glafs, to make 
a fine white powder for a fucus; but in the form of a fhining me- 
talline fubftance, that needs no farther reduétion, to be employ’d as good 
filyer. And, by a proper precipitant, I have alfo, in a trice, reduced a 

: tata quantity of well-difguized mercury, into running quick-filver. And, 
if one can well appropriate the precipitants to the bodies they are to reco — 
ver, very flight, and unpromifing agents, may perform great matters in 
a fhort time. , M4 
If you let a piece of camphire lie a while upon oil of vitriol, fhaking 
them now and then, it will be fo corroded by the oil, as totally to dif= 
appear therein, without retaining fo muchas its {mell, or without any ma-_ 
nifeft fign of there being camphire in that mixture ; yet that a vegetable 
| fubftance, — 
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upon the RESURRECTION. 

fubftance, thus fwallow’d.up and changed by one of the moft fretting and 
deftroying fubftances known in the world, fhould not only retain the effen- 
tial qualities of its nature, but be reftorable to its obvious and fenfible ones 
in a minute, and that by fo unpromifing a medium, as common water, 
will appear by pouring the folution into a large proportion of that fluid, to 
whofe upper part there will immediately rife white, brittle, ftrong-{cented , 
and inflammable camphire, as it was before. 

Tis here a principal confideration, that all bodies being but parcels of the 
univerfal matter mechanically different, they may fucceffively put on forms, 
in a way of circulation, till they return to their original form, whence they 
firft begun ; by having only their mechanical properties alter’d. 

That all bodies agree in one common matter, the {chools themfelves 
allow ; making what they call the Materia prima to be the common bafis of 
them all ; and their {pecific differences to {pring from their particular forms: 
and fince the true notion of body confifts either alone in. its extenfion, or in 
that and impenetrability together, it will follow, that the differences which 
make the varieties of bodies we fee, muft not proceed from the nature of 
mere matter, of which we have but one uniform conception; but from 
certain attributes, fuch as motion, fize, pofition, O'c. that we call mechanical 
affections. Hence a determinate proportion of matter being given, if we 
fuppofe that an intelligent and otherwife duly qualify’d agent were to watch 
this portion of matter in its whole progrefs thro’ the various forms it is 
made to put on, till it come to the end of its courfe or feries of changes ; and 
that this intelligent agent fhould lay hold of this portion of matter, cloth’d 
in its ultimate form ; and, extricating it from any other parcels of matter 
wherewith it may be mix’d, make it exchange its laft mechanical proper- 
ties for thofe which it had when this agent firft began to watch it: in fuch 
a cafe, I fay, this portion of matter, how many changes and difeuizes fo- 
ever it may have undergone in the mean time, will return to be what ic 
was; and if it were before part of another body to be reproduced, it will 
become capable of having the fame relation to it, that formerly it had. 

Thus, iuppofe a man to cut a large fphere of foft wax into two equal 
parts, and of the one to make cones, cylinders, rings, {crews, Uc. and knead- 


_ ing the other with pafte, make an appearance of cakes, vermicelli, wa- 


fers, biskets, Oc. “tis plain, that one may, by diffolution, and other ways, 
feparate the wax from the pafte, and reduce it ina mould to the fame hemi- 
{phere of wax it was before; and fo we may deftroy all that made the 
other part of the wax pafs for cones, cylinders, rings, @c. and reduce 
it in a mould to one diftinét hemifphere, fit to be re-conjoin’d to the other ; 
and fo to recompofe fuch a {phere of wax, as they conftituted before the 


_feparation was made. And to view precipitate, carefully prepared per fe, 


one would think that art had here made a body extremely different from 
common mercury ; this being confiftent, like a powder, very red in colour, 
and purgative, and for the moft part vomitive in operation, tho’ given but 
in the quantity of four or five grains: yet if you but urge this powder with 
a due heat ; by putting the sine genoa into'a new and fit motion, 
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Puysics. you may re-unite them together, fo as to re-produce the fame running mer- 
cury you had before the precipitate per fe was made of it. Tet 
- 4thly, Butthe chriftian doétrine doth not afcribe the refurre€tion to nature, 
or any created agent, but to the peculiar and immediate operation of God; who 
has declared, that he will raife thedead. Wherefore, when I mentionchymi-. 
cal ways of recovering bodies from their various difguizes, I am far from defi-. 
ring, that fuch ways fhould be thought the only ones, or the beft that can pof- 
fibly beemploy’dto fuch an end. For,as the generality of men,without except- 
ing philofophers themfelves, would not have believed or thought, that by eafy 
-chymical ways, bodies, which are reputed to have pafs’d into quite another 
nature, fhould be reduced or reftored to their former condition; fo, till 
chymiftry, and other parts of natural philofophy, be more thoroughly un- 
derftood, and farther promoted, ’tis probable, that we can fcarce now ima- 
gine, what expedients to re-produce bodies, a further difcovery of the 
myfteries of art and nature may lead usto. And much lefs can our flender 
knowledge determine, what means, even of phyfical ones, the moft wife 
author of nature is able to employ, to bring the refurrection to pafs; fince 
*tis a part of the imperfection of inferior natures, to have but an imperfect. 
apprehenfion of the powers of one that is incomparably fuperior to them. 
And even among ourfelves, a child, whois endow’d with a reafonable foul, 
cannot conceive how a geometrician fhould meafure inacceffible heights and. 
diftances; much lefs, how a cofmographer can determine the whole com- 
pafs of the earth and fea ; or an aftronomer fhew how far ’tis from hence 
tothe moon ; and tell many years before-hand, what day and hour, and to 
what degree, fhe will be eclipfed. And, indeed, in the Zzdies, not only 
children, but rational men, could not perceive how ’twas poffible for the 
Europeans to converfe with one another, by the help of a piece of paper, -at. 
a hundred miles diftance; and in a. moment produce thunder and lightning, 
and killmen a great way off, asthey faw done by guns; and much lefs, how 
they fhould foretel an eclipfe of the moon, as Columbus did, to his great 
advantage: which things made tie Iudians, even the chiefeft of them, look 
upon the Spaniards as perfons of more than human nature. Now, among thofe 
who have a true notion of a Deity, a Being both omnipotent and omni- 
{cient, that he can do all,and more than all, that is poffible to be perform’d 
by any way of difpofing of matter and motion, is a truth that will be rea= 
dily acknowledg’d ; fince »he was able at firft to produce the world, and 
contrive fome part of the univerfal matter of it, into the bodies of the firft 
manand woman. And that his power extends to the re-union of a foul 
and body, which have been feparated by death, we may learn from the ex- 
periments God has been pleafed to give of it, both in the old teftament and 
the new ; efpecially in the raifing Lazarus and Chri/? again to life: of the lat- 
ter of which, particularly, we have proofs {trong enough to fatisfy any unpre- 
judiced perfon, who defires but competent arguments to convince him. 
Since then a human body is. not fo confined to a determinate bulk, but 
that the fame foul being united to a portion of duly-organiz’d matter, is 
faid to conftitute the fame man, notwithftanding the vaft differences, of bigy . 
heis; — 
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nefs that there may be, at feveral times, between the portions of. matter Biventl 
whereto the human foul is united: fince a confiderable part of the human UCYWRJ 
body confifts of bones, which are bodies of a very determinate nature, and 
not apt to be deftroy’d by the operation either of earth or fire: fince of the 
lefs ftable, and efpecially the fluid parts of a human body, there is a far 
greater expence made, by infenfible tranfpiration, than even philofophers 
would imagine: fince the fmall particles of a refolved. body may retain 
their own nature, under various alterations and difeuizes, of which ’tis 
poffible they may be afterwards ftript: fince, without making a human 
body ceafe to be the fame, it may be repair’d and augmented by the adap- 
tation of fitly-difpofed matter to that which pre-exifted in it: fince thefe 
things are fo, why fhould it be impoffible, that a moft intelligent agent, : 
whofe omnipotence extends to all that is not truly contradictory tothe na- 
ture of things, or to his own, fhould be able fo to order and watch the 
particles of a human body, that of thofe remaining in the bones, of 
thofe that plentifully fly away by infenfible tranfpiration, and of thofe 
that are otherwife difpofed of upon their refolution, a competent number 
may be preferved or retrieved ; fo that ftripping them of their difguizes, 
or extricating them from other parts of matter, to which they may happen. 
to be conjoin’d, he may re-unite them betwixt themfelves, and, if need be, 
with particles of matter fit to be intervoven with them ; and thereby re- 
ftore or reproduce a body, which being united with the former foul, may, 
in a fenfe agreeable to the expreffions of {cripture, re-compofe the fame 
man, whofe foul and body were formerly disjoin’d by death. 

5thly, Hitherto we have taken the doétrine ef the refurreétion in a more 
ftriét and literal fenfe, becaufe I would fhew, that even according to that, 
the difficulties of anfwering what is mention’d againft the poffibility of it, 
are not infuperable ; tho’ it would much facilitate the defence and expla- 
nation of fo abftrufe a thing, to allow, that as the human foul is the form 
of man, fo that whatever duly-organiz’d portion of matter is thereto uni- 
ted, it therewith conftitutes the fame man; the importeof the refurrection 
is fulfill’d in this, that after death there fhall be another ftate, wherein the 
foul fhall no longer perfevere in its feparate condition, but be again united, 
not to an ethereal, or the like fluid matter, but to fuch a fubftance, as 
may, with tolerable propriety of {peech, be call’d a human body. 

They whoaffent to this account of the poffibility of the refurrection of 
the fame bodies, will, I prefume, be much more eafily induced to admit 
the poffibility of the qualifications the chriftian religion afcribes to the glo- 
rified bodies of the raifed faints. For, fuppofing the truth of the {cripture, 
we may obferve, that the power of God has already extended itfelf to the 
performance of fuch things, as import as much as we need infer ; fome- 
times by fufpending the natural aétions of bodies upon one another, and 
fometimes by endowing human and other bodies with preternatural qua- 
lities.. And indeed lightnefs, or rather agility, indifference to gravity and levi- 
ty, incorruption, tranfparency, opacity, figure, colour, Oc. being but mecha~ 
nical affections of matter ; it cannot fon incredible, that the moft free and 
powerful 
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Puysics. powerful author of thofe laws of nature, according to which, all the 

LAY phenomena of qualities are regulated, may, as he thinks fit, introduce, 
eftablifh, or change them, in any affign’d portion of matter, and confequently 
inthat whereof a human body confifts. Thus tho’ iron be a body above eight 
times {pecifically heavier than water; yet in the cafe of Elifba’s helve, its 
native gravity was render’d ineffectual, and it afcended from the bottom to 
the top of the water : and the gravitation of St. Peter’s body was fufpend- 
ed, whilft his mafter enabled him to walk on the fea. Thus the operation 
of the moft active body in nature, flame, was fufpended in Nebuchadnezar’s 
fiery furnace, whilft Daniel’s three companions walk’d unhurt therein. 
And thus the body of our Saviour, after his refurre€tion, tho’ it retain’d 
the very impreffions that the nails of the crofs had made in his hands and 
feet, and the wound of the fpear in his fide, as the hiftory of the gofpel 
aflures us; was endow’d with far nobler qualities, than before its death. 
And, as the apoftle tells us, that this great change of {chematifm in the 
faints bodies will be effected. by the irrefiftible power of Chrift; we thall not 
{cruple to allow of fach an offeet from fuch an agent, if we confider how 
much the bare flight mechanical alteration of the texture of a body, ma 
change its fenfible qualities for the better. ‘Thus, without any vifible addi- 
tion, I have feveral times changed dark and opake lead, into finely-colour’d 
tran{parent glafs, of a lefs {pecific gravity ; and thick fetid {moke, into a 
bright and {centlefs flame. 
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HE Propofition I fhall here endeavour to eftablith, is, that a man Experimental’ 
may be a virtuofo, or experimental philofopher, without forfeiting Piast 24s 
| his chriftianity. otiaa., 

And firft, *tis certain, that a due courfe of experimental philofophy, 
soni! conduces to fettle in the mind, a firm perfuafion of the exiftence, 
and feveral of the chief attributes of God ; which perfuafion is, in the 
order of things, the firft principle of that natural religion, we allow as 
the very foundation of reveal’d religion, in general. 

That the confideration of the vaftnefs, beauty, and regular motions of pel taal." 
the heavenly bodies, the excellent ftruéture of animals and plants, befides Ged. if 
a multitude of other phenomena of nature, and the fubferviency of moft of: 
thefeto man, may juftly induce him, asa rational creature, to conclude, 
this vaft, beautiful, orderly, and admirable fyftem of things, which 
we call the world, was framed by an author fupremely powerful, wife, 
and good, can fcarce be deny’d by an intelligent and unprejudiced perfon.. 

And this is ftrongly confirm’d by experience, which witnefleth, that in al- 
moft all ages and countries, the generality of philofophers, and contem- 
plative men, were perfuaded of the exiftence of a Deity, from the confide- 
yation of the phenomena of the univerfe ; whofe fabric, and condud, they 
rationally concluded, could not be juftly afcribed, either to chance, or to any 
other caufe than a divine Being. 
_ But, tho’ God hath manifefted himfelf, even to fuch as confider things: 
but fuperficially, by ftamping upon feveral of the more obvious parts of his 
works, fuch confpicuous impreffions of his attributes, that a moderate de-. 
eree of underftanding, and attention, may fuffice to make men acknow- 
ledge his being; yet this affent is greatly inferior to the belief which the. 
fame objects are fitted to produce in him, who with care and skill: 
confiders them. For, the works of God are fo worthy of their author,. 
that, befides the impreffes of his wifdom and goodnefs, left, as it were, 
upon their furfaces; there are a great many more curious and excellent. 
tokens, and effects of divine artifice, inthe hidden and innermoft recefles . 
of them: and thefe are not to be difcover’d by the flight glances of the- 
lazy,. 
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Puysics. lazy, and the ignorant; but require, the moft attentive and prying in- 

AYN f{pection of curious, and well qualify’d minds. And, fometimes, in one 
creature there-may be great numbers of admirable things, that efcape 
a vulgar eye, which yet are clearly difcernible by that of a true naturalitt ; 
who brings with him, befides a more than common curiofity, and atten- 
tion, a competent knowledge of anatomy, optics, cofmography, mechanics, 
and chymiftry. In fhort, God has couch’d fo many things in his vifible 
works, that the clearer light a man ufes, the more he may difcover of 
their unobvious beauty, and exactnefs ; and the more fully, and diftinétly 
diicern thofe qualities that lie more concealed. And the more wonderful 
things he difcovers in the works of nature, the more corroborating proofs 
he meets with to eftablifh, and enforce the argument drawn from the uni- 
verfe, and its parts, to demonftrate, that there is a God: a propofition 
of fo vaft a weight, and importance, that it ought to endear every thing- 
to us, that is able to confirm it, and afford us new motives to acknow- 
ledge, and adore, the divine author of things. 

Now, with regard to this matter, we may confidently fay, that expe- 
rimental philofophy has a great advantage of the fcholaftic. For, in the 
Peripatetic {chools, where things are afcribed to certain fubftantial 
forms, and real qualities; the accounts of nature’s works may be eafily gi- 
ven in a few words, general enough to be applicable on almoft all occafions. 
But thefe uninftructive terms neither oblige, nor conduét a man to 
deeper fearches into the ftructure of things, their manner of being 
produced, and of operating upon one another; and, confequently, are 
very infufficient to difclofe the exquifite wifdom which the omnifcient 
maker has exprefied in the peculiar fabrics of bodies, and the well regu- 
lated motions of them, or of their conftituent parts. From the difcern- 
ment of which things, neverthelefs, it is, that there arifes, by way of 
refult, in the philofophic mind of an intelligent contemplator, a ftrong 
conviction of the being of a divine artificer, and a juft acknowledgment of 
his admirable wifdom. Tobe told, that an eye is the organ of fight, and 
that this is perform’d by that faculty of the mind, which, from its funétion, 
is call’d vilive, will give a man but a forry account of the inftrument, 
and manner of vifion itfelf, or of the knowledge of the artificer who 
form’d the eye. And he who can take up with this eafy theory of vifion, 
will not think it neceflary to beftow pains to diffect the eyes of animals, or 
ftudy the writings of mathematicians, to underftand the doétrine of it; 
and, accordingly, will have but. mean thoughts of the contrivance of the 
organ, and the skill of the artificer, in comparifon of the ideas that will 
be fuggefted of both to him, who, being thoroughly skill'din anatomy, and 
optics, by their help takes afunder the feveral coats, humours, and 
mufcles, of which that exquifite dioptrical inftrument confifts: and, having 
feparately confider’d the figure, fize, confiftence, texture, tranfparency, 
or opacity, fituation, and connexion of each of them, and how they are 
all adjufted in the whole eye, fhall difcover, by the laws of optics, how 
admirably this little organ is fitted to receive the incident rays of light, and 
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difpofe them in the beft manner poflible, to give a lively reprefentation- of Puysics. . 


the numberlefs objects of fight. 

| ?Tis eafy to fay, in general terms, that the world is wifely framed ; but, 
I doubt, it often happens, that men confefs the creatures are wifely made, 
rather becaufe they, upon other grounds, believe God to be a wife agent, 
than becaufe fo flight an account as the fchool-philofophy gives of particu- 
lar creatures, convinces them of any divine wifdom in the ‘creator. And 
tho’ I am willing to grant, that fome impreffions of God’s wifdom are fo 
confpicuous, that even, as was faid before, a fuperficial philofopher may 
thence infer, that the author of fuch works muft be a wife agent ; yet, 
how wife an agent he has in thofe works exprefled himfelf to be, none but 


-anexperimental philofopher can well difcern. And “tis not by a flight — 


furvey, but by a diligent, and skilful {crutiny, of the works of God, 
that a man muft be, by a rational, and affective conviction, engaged to 
acknowledge, that the author of nature “ is wonderful in counfel, and 
“ excellent in working.” 


2. After the exiftence of the Deity, the next grand principle of natural Ti immortals 
religion is, the immortality of the rational foul ; the genuine confequence % ”?!™” 


whereof is, the belief, and expectation, of a future, and everlafting ftate. 
For this important truth, many arguments may be alledged, to perfuade 
a fober, and well-difpofed man to embrace it: but, to convince a learned 
adverfary, the ftrongeft argument that the light of nature fupplies us 
with, feems to be that afforded by real philofophy. For this teacheth us 
to form true, and diftinét notions of the body, and the mind; and thereby 
manifefts fo great a difference in their eflential attributes, that fhews the fame 


thing cannot be both. ‘This it makes out more diftinétly, by enumerating. 


feveral faculties, and funtions, of the rational foul; fuch as, to under- 
_ ftand, and that fo as to form conceptions of abftraét things, of univerfals, 
of immaterial {pirits, and even of that infinitely perfect one, God himfelf : 
and alfo, to conceive, and demonftrate, that there are incommienfurable 
lines, and furd numbers ; to form chains of reafoning, and draw both 


cogent, and concatenated inferences about thefe things ; to exprefs- 


_ intellectual notions, pro re natd, by words, or inftituted figns, to other 
_ men; to exercife free-will about many things; and to make reflections 
on its own atts, both of underftanding, and will. For thefe, and the like 
prerogatives, that are peculiar to the human mind, and fuperior to any 
thing that belongs to the outward fenfes, or to the imagination itfelf, ma- 
_ nifeft, that the rational foul is a Being of an higher order than corporeal ; 
and, confequently, that the feat of thefe fpiritual faculties, and the 
fource of thefe operations, is a fubftance, that, being in its own nature 
diftinét from the body, is not naturally fubjeét to perifh with it. 

And, with regard to this truth, our virtuofo hath an advantage of a 
mere {chool-philofopher. For, being acquainted with the true and real 
caufes of putrefaction, and other phyfical kinds of corruption; and there- 
by difcerning, that the things which deftroy bodies, are the avolation, or 
other rece{s, of fome neceflary parts, and fuch a depraving tranfpofition 
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Puysics. of the component portions of matter, as is. altogether unfuitable to the, 
AVN ftructure, and mechanical modification, eflential to a body. of that fpecies, 
| ~ or kind, whereto it belongs; he plainly perceives, that thefe caufes of 
deftruction can have no place in the rational foul; which being an imma- 
terial {pirit, and, confequently, a fubftance not really divifible, can have 
no parts.expell’d, or tranfpofed ; and fo being exempted from the phy- 
fical caufes of corruption, that deftroy bodies, it ought to laft always. 
And, being a rational creature, endow’d with internal principles of acting, 
as appears in free-will, it ought to live for ever, unlefs it pleafe God to 
annihilate it; which we have no reafon to. fuppofe he will do. On the 
other hand, the modern Peripatetics maintain fubftantial forms, by fome of 
them, ftiled Semi—fubjtantia ; to which, in apes, elephants, and others, that 
pais for ingenious animals, they afcribe fome fuch faculties, and functions, 
as feem to differ only in degree from thofe of the rational foul ; but, how 
innocent foevyer their intentions may be, their doétrine tends greatly to 
weaken the chief phyfical way of proof, from whence the immortality of 
mans mind. is juftly inferr’d. For fince, according to the Peripatetics, 
fubftantial forms are, as they {peak, educed out of the power, or poten- 
tiality, of the matter; and fo depend upon it, not only as to aétion, but 
as to being, that they cannot at all fubfaft without it; but when the parti- 
cular body, as an herb, a ftone, or a bird, is deftroy’d, they perifh with 
it; I think they give great advantage to atheifts, and cavillers, to oppofe 
the immortality of the mind. 

For if to. an ape, or other brute animal, there belongs a Being more 
noble than matter, that can actuate, and inform it, and make itfelf the 
architect of its own manfion, tho’ fo admirable as that of an ape, or an 
elephant ; if this Being can, in the body it hath framed, perform all the 
functions of a vegetable foul ; and, befides thofe, fee, hear, taft; {mell, 
imagine, infer, remember, love, hate, fear, hope, expect, Oc. and yet 
be a mortal thing, and perifh with the body; “twill not be difficult for 
thofe enemies aM religion, who are willing co think the foul mortal, to 
fancy, that human minds are only a more noble, but not lefs mortal kind 
of {ubftantial forms: as, amongft fenfitive fouls themfelves, which they 
acknowledge to be equally mortal, there is a great difparity in degree ; that - 
of a monkey, for inftance, being very far fuperior to that of an oyfter. 

And the belief of 3. A third chief principle of natural religion, and, confequently, of re- 

Seen PY veal’d religion, which fuppofes the former as its foundation, is a belief of 
the divine providence. And, in this grand article, as well as in the two 
foregoing, a man may be much confirm’d by experimental philofophy ; both 
as it affords him pofitive inducements to acknowledge the article, and as it 
fhews the great improbability of the two principal grounds, on one or 
other of which is founded the denial of God’s providence. 

A virtuofo, who, by manifold and curious experiments, fearches deep 
into the nature of things, has great, and peculiar advantages, to difcover, 
and obferve, the excellent fabric of the world, as ’tis an immenfe agere-_ 
gate of the feveral creatures that compofe it; and to take notice in its 
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particular parts, efpecially thofe that are animated, of fuch exquifite con- Prysrcs. 
trivances, and fuch admirable co-ordinations, and fubordinations, in re- AWS 
ference to each other, as lie hid from thofe who are not both attentive, and 
skilful. When our virtuofo contemplates the vaftnefs, fcarce conceivable - 
{wiftnefs, and yer conftant regularity, of the various motions of the fun, 
moon, and other celeftial lights; when he confiders how the magnetifin 
of the earth makes its poles conftantly point the fame way, notwithftand- 
ing its various motions; how, by daily turning about its own centre in 
four and twenty hours, it receives as much light, and benefit from the 
fun, and all the glorious conftellations of the firmament, as if they, with 
all the vaft heavenly region they belong to, mov’d about it in the fame 
time ; how, by its fituation among them, it enjoys the regular viciffitudes 
of day and night, fummer and winter, Oc. how the feveral parts of the 
fublunary world are mutually fubfervient to one another, and moft of 
them ferviceable to man ; how excellently the bodies of animals are con- 
trived ; what various, and fuitable provifion is made for different animals ; 
how admirable, and aftonifhing a procefs is gone through in the -forma- 
tion of the foetus ; how various animals are endow’d with ftrange inftinéts, 
whofe effects, fometimes, feem much to furpafs thofe of reafon itfelf: 

_ when, I fay, a philofopher duly refleéts on thefe things, and many others of 
the like import, he will think it highly rational to infer from them thefe 
three conclufions. ‘ . | : 

Firft, that a machine immenfe, beautiful, well contrived, in a word, 
fo admirable as the world, cannot have been the effect of mere chance, 
or the tumultuous juftlings, and fortuitous concourfe of atoms ; but muft - 
eae been produced by a caufe, exceedingly powerful, wife and bene- 

cent. 

Secondly, that this moft powerful author, and contriver of the world, 
hath not abandon’d a work fo worthy of him, but ftill maintains, and 
preferves it ; fo regulating the ftupendoufly {wift motions of the great 
globes, and other vaft mafles of the mundane matter, that they do not, 
by any great irregularity, diforder the grand fyftem of the univerfe, and 
reduce it to a chaos, or confufed ftate of things. | 
‘Thirdly, that as it is not above thé ability of the divine author, though 
a fingle Being, to preferve, and govern all his vifible works, how great 
and numerous foever ; fo he thinks it not below his dignity, and majelty, 
to extend his care, and beneficence to particular bodies, and even to the 
meaneft creatures; providing, not only for the nourifhment, but for the 
propagation of fpiders, and ants themfelves. And, indeed, fince the 
truth of- this affertion, that God goverris the world he has made, would 
appear by the conftancy, atid regularity, and aftonifhingly rapid motions of 
the vaft celeftial bodies, and by the long trains of as admirable artifices 
employ'd in the propagation of various forts of animals; I fee not why it 
fhould-be deny’d, that'God’s providence may reach to his particular works 
here below, efpecially'to the nobleft of them, man; fince. moft of thofe 
who deny'this, as derogatory to ei majefty, and happinefs, acknow- 
ee ledge, 
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Puysics. ledge, that, at the firft formation of things, the great author of the 


mutt 
\“Y™ not. only have extended his care to the grand fyftem of the bares in 


general; but allow’d it to defcend fo low, as to contrive all the minute, 
and various parts, not only of greater, and more perfect animals, as éle- 


_ phants, whales, and men; but fuch fmall, and abjeét ones, as flies, ants, — 


mites, Oc. which being manifeftly propagated by eggs, laid by the female, 
cannot reafonably be thought the offspring uF utrefaction. . Whence I 
gather, asfrom matter of faét, that to be concern’d for the welfare, even 
of particular animals, as it.is agreeable to God’s wifdom, and exuberant 


_beneficence ; fo it is not truly derogatory to his adorable greatnefs, and 


majetty.. | } 
Ae fince man is the nobleft of God’s vifible works; fince very many — 
of them feem made for his ufe; fince, even as an animal, he is wonderfully 
made, and curioufly, or artificially wrought ; and fince God has both gi 
ven him a rational mind, and endow’d it with an intelleét, whereby he 
can contemplate the works of nature, and by them acquire a conviétion of 
the exiftence, and feveral attributes, of their fupremely perfeé author ; 
and, laftly, fince God hath planted notions, and principles inthe mind of — 
man, fit to make him fenfible, that he ought to adore his maker, as the — 
moft perfect of Beings, the fupreme Lord, and governor of the world; 
natural reafon dictates to him, that he ought to exprefs the fentiments he 
has for this divine Being, by a veneration of his excellencies ; by grati- 
tude for his benefits ; by. humiliation, in view of his greatnefs, and ma- 
jefty; by an awe of his juftice; by reliance on his power, and goodnefs; 
and, in fhort, by thofe feveral aéts of natural religion, that reafon fhews 
to be fuitable, and, therefore, due to thofe feveral divine attributes of his, 
which it has led us to acknowledge. . 
_ And here.I fhall add, that, from the Cartefian principles, a double ar- | 
gument may be drawn for divine providence. See 
For, firft, according to the Cartefiaus, local motion, which is the grand 
principle of all aétion among things corporeal, is adventitious to matter ; 
and was, originally, produced in it, and is ftill every moment continu’d, and 
preferv d, Peneela ely by God: whence it may be inferr’d, that he con- 
curs to the actions of each particular phyfical agent; and, confequently, - 
that his providence reaches to all, and every one of them. | : 
And; fecondly, the fame Cartefians believe the rational foul to be an 

immaterial fubftance, really diftinét, and feparable from the body. Whence 
{ infer, that the divine providence extends to every particular man; fince, 
whenever an embryo, or little human body ree in the womb, is, by 


being duly organized, fitted to receive a rational mind, God is pleas’d to 


create one, and unite it to that body. In which tranfa¢tion, there feems 
to mea neceffity of a dire€t, and particular intervention of the divine 
power; fince I underftand not, by what phyfical charm, or fpell, an im- 
material fubftance can be allured into this or that particular embryo, of 
many that are, at the fame time, fitted to receive a human foul; nor by 
what merely mechanical ties, or bond, an immaterial fubftance aif ig 

, | iis ’ durably 
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durably join’d, and united, with a corporeal one, in which it finds no 


parts, that it has organs to take hold of, and to which it can furnith no- 


parts to be faften’d upon by them. No better can I conceive, how a 
mere body can produce pain, pleafure, Oc. by its own mere aétion, or 
endeavour to act on an immaterial fpirit. No will the force of all this 
reafoning be eluded, by faying, with fome deifts, that, after the firft for- 
_ mation of the univerfe, all things are brought to pafs by the fettled. laws 
of nature. For tho’ this be confidently, and, not without colour, pre- 


_ tended; yet, I confefs, it does not fatisfy me. For, not to mention the 


infuperable difficulty there is, to give an account of the firft formation of 
things, which many deifts will not afcribe to God; nor that the laws of 
motion, without which the prefent ftate, and courfe of the world, could 
never be maintain’d, did not neceflarily {pring from the nature of matter, 
but depended upon the will of the divine author of things ; I look upon a 
law, as a moral, not a phyfical caufe ; as being, indeed, but a notional. 
thing, according to which, an intelligent and free agent is bound to regu- 
late its actions. But inanimate bodies are utterly incapable of under- 
ftanding what a law is, or what it enjoins, or when they act conformably, 
or unconformably to it; and, therefore, the aétions of inanimate bodies, 


which cannot incite, or moderate their own actions, are produced by real: 


power, not by laws; tho’ the agents, if intelligent, may regulate the ex- 
ertions of their power by fettled rules. ; 

4. I have taken notice of two other accounts, upon which the experi- 
mental knowledge of God’s works may, in a well-difpofed. mind, con- 
duce to. eftablith the belief of his providence. - 

And, firft, when our virtuofo fees with how many, and-how various, 
and how admirable ftructures, inftinéts, and other contrivances, the wife 
artificer hath furnifhed even brutes, and plants to acquire, and affimi- 
late their food; to defend, or otherwife fecure: themfelves from hoftile 
things ;, to maintain their lives, and propagate their fpecies ; it will very 
much conduce to perfuade him, that fo wife an agent, who has at com- 
mand fo many differing, and excellent methods, and inftruments, to ac- 
complifh what he defigns ; and, often, actually employs them for. the pre-. 
_ fervation, and welfare of beafts, and even of plants, can never want 
means to compa{s his moft wife, and juft ends, with relation to man- 
kind; being able, by ways that we fhould never dream of, to execute his 
purpofes, and fulfil his promifes. | 


Secondly, when we duly confider the very different ends to which» | 
many of God's patticular works, efpecially thofe that are animated, feem 


defign’d, with refpeét both to their own welfare, and the utility of man ; 
and how exquilitely the great creator has been pleafed to fupply them 
with means admirably fitted to attain thefe refpeftive ends ; we cannot 
but think it highly probable, that fo wife, and fo bountiful a Being, has 
never left his nobleft vifible creature, man, unfurnifhed with means to 
-procure his own welfare, and obtain his true end, if he be not wanting to 
himfelf, And, fince man is endow’d with, reafon, which may convince 


him. 
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Puysics. him, what neither a plant, nor a brute animal is capable of knowing, thar 
LZ Y™/ God is both his maker and continual benefactor ; fince his reafon likewife 
| teacheth him, that upon both thofe accounts, befides others, God may 
juftly expect and require worfhip and obedience from him ; fince alfo the 
fame rational faculty may perfuade him, that it well becomes the majeity 
and wifdom of God, as the fovereign governour of the world, to givea 
law to man, who is a rational creature, capable of underftanding and 
obeying it, and thereby glorifying the author of it; fince, finding in his 
own mind a principle, which tells him, he owes a veneration, and other 
fuitable fentiments, to the divine author of his being, and his continual and 
munificent benefactor ; fince, on thefe accounts, his confcience will con- 
‘vince him of his obligation to all the effential duties of natural religion ; 
and fince, laftly, his reafon may affure him, that his foul is immortal, 
and is therefore capable and defirous of being everlaftingly happy, after it 
has left the body ; he muft in reafon be ftrongly inclined to with for a fu- 
pernatural difcovery of what God would have him believe and do. And 
therefore, if, being thus prepared, he fhall be very credibly inform’d, that 
God hath a€tually been pleafed to difcover, by fupernatural means, what 
kind of worfhip and obedience, which by reafon alone he could but guefs 
at, will be moft acceptable to him; and to encourage man to both thefe, 
by exprefs promifes of that felicity, which man, without them, can but 
faintly hope for ; he would be ready, then, thankfully to acknowledge, that — 
this way of proceeding becomes the tranfcendent goodnefs of God, without 
derogating from his majefty and wifdom. And by thefe and the like re- 
flections, a philofopher, who takes notice of the wonderful providence, that 
God defcends to exercife for the welfare of inferior and irrational crea- 
- tures, will have an advantage above men not vers’d in the works and courfe 
of naturé, in believing, upon the hiftorical and other proofs which chriftianity 
offers, that God has a€tually vouchfafed to man, his nobleft, and only ra- 
tional vifible creature, an explicite and pofitive law, enforced by fevere 
penalties denounced againft the ftubborn tran{greflors, and promifing to 
the fincere obfervers of it, rewards fuitable to his own greatnefs and good- 
nefs. And thus the confideration of God’s providence, in the conduét of 
things corporeal, may.convey a well-difpofed mind from natural to re- ~ 
veal'd religion. 
Experimental s. Another thing, that difpofes an experimental philofopher to embrace 
politty ee religion, is, that his genius and courfe of ftudies accuftom him to value 
fenfual things. and delight in abftraét truths; by which term, I here mean fuch truths, as 
do not atall, or very little, gratify mens ambition, vapreaet or other in-. 
ferior paffions and appetites. For, as the generality of thofe who have an 
averfion to religion, are led to it by a contempt of all truths, that do not 
gratify their paffions or interefts ; fo, he who is addicted to experimental 
knowledge, is accuftom’d both to purfue, efteem, and. relifh many truths, 
that do not delight his fenfes, or gratify his paffions, or interefts; butonly — 
entertain his underftanding with that manly and rational fatisfaction, 
which is naturally afforded by the attainment of clearand noble truths, 
3 tS 
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its genuine objects and delight. And tho’ the difcoveries made by the help Puysics. 
of phyfical or mechanical experiments, are not, for the moft part, allied to LWNY 
revealed religion ; yet, befides that fome of them manifeftly conduce to efta- 
blith or illuftrate natural religion, we may argue 4 fortiori, that he who is 
accuftomed to prize truths of an inferior kind, becaufe they are truths, 
_ will be much more difpofed to value divine truths, which are of a vaftly 
higher and nobler order, and of an ineftimable and eternal advantage. Tea 
6. But farther, both the temper of mind, that qualifiesa man for a vir- Ent te aie 

tuofo, and the way of philofophizing he chiefly employs, greatly conduce 
to give him a fufficient, well-grounded, and duly-limited docility ; which is 

a great difpofition to the entertainment of reveai’d religion. In the vulgar 
and {uperficial philofophy, wherein a man is allow’d to think that he has 
perform’d his part well, when he has afcribed things to a fubftantial form, 
or to nature, or to fome real quality, whether manifeft or occult, without 
proving that there are fuch caufes, or intelligibly declaring, how they pro- 
duce the phenomena, or effects refer’d to them; ’tis eafy for a man to 
have a great opinion of his own knowledge, and be puff’d up by it. But 
_ avirtuofo, who cannot fatisfy himfelf, nor dares pretend to fatisfy others, 
tilfhe can, by hypothefes that may be underftood and prov’d, declare in- 
telligibly the manner of the operation of the caufes he affigns, will often 
find it fo difficult a task to effect all this, that he muft eafily difcern, he 
needs further information, and therefore ought to feek for it where ’tis 
the moft likely to be had. Befides, the litigious philofophy of the {chools 
feldom furnifhes its difciples with better than diale¢tical or probable argu- 
ments, which are not proper fully to fatisfy the perfon who employs them, 

or to leave his adverfary without an anfwer, as probable as the objection: 
upon which account, men who have more wit than a fincere love for truth, 
will be able to difpute {pecioufly enough, as long as they pleafe. And as 
fuch flippery arguments are not able to convince even the perfon who ufes. 
them, if he be a man of judgment ; fo, if he deals with a witty adverfary, 
they will leave him able to elude any arguments of the like nature, with 
which he fhall be prefs’d. And in effect, we fee, that in the 4riftotelian 
philofophy there are feveral eftablifh’d queftions; fuch as, Whether the 
_ elements retain their diftinct natures in a mix’d body ? Whether the celeftial 
orbs are moved by intelligences ? Oc. which have been difputed from age: 
to age, and are like to continue queftions for many more, if that philofophy 
fhall laft fo long. But a virtuofo, who in his reafonings attends to the 
principles of mathematics, and found philofophy, and to the clear teftimo- 
nies of fenfe, or well verify’d experiments, acquires a habit of difcerning 
the cogency of an argument, or way of probation; and eafily perceives, that 
diale€tical fubtilties, and {chool-tricks, cannot fhift off its force ; but he- 
finds more fatisfaction in embracing a demonftrated truth, than in the vain. 
glory of fubtilly difputing againft it. 

7. Another thing that may, by means of experiments, difpofea ftu- ets Sie te 

dious fearcher of truth for reveal’d religion, is, that his inquiries, and gop ingpn 
courfe of ftudies, make him both willing and fit to fearch out and difcover 


deep 
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‘Puysics. deep -and unobvious truths. I have, with trouble, obferv’d, that the 
A / greater-part of the libertines among us, being men of Pi/ate’s humour, 
“who, when he had fcornfully ask’d, what is truth ? would not ftay for an 
anfwer ) with great difdain, decline the ftudy of all truths that require a 
_ferious and fettled application of mind. 'Thefe men are, for the moft part, 
a fort of fuperficial and defultory wits, who go no further than the out- 
fide of things, without penetrating into the receffes of them ; and, being 
eafily tir’d with contemplating one, pafs quickly to another ; the confide- 
ration whereof, they, with the fame lightnefs, forfake. And, upon this 
account, among others, itis, that fuch men, though often much ap- 
plauded by others, becaufe the moft are but fuperficial, as well as they, 
almoft as feldom make good philofophers, as good chriftians.. For tho’ all 
the found arguments, that may be brought to evince the truth of natural 
and reveal’d religion, be not abftrufe ; yet fome of the principal, efpecially 
thofe that prove the exiftence and fpecial providence of God, and the im- 
mortality of the foul, are, if not of a metaphyfical, yet, at leaft, of a — 
philofophical nature.; and will fcarce be clearly underftood, and duly re- 
lifh’d, but by a perfon capable of, and accuftom’d to attentive and pro- 
long’d fpeculations. | Now, a man addiéted to profecute difcoveries of 
truths, not only by ferious meditation, but by intricate and laborious ex- 
periments, will not eafily be deterr’d from effectually purfuing his 
end, by the toils or difficulties that attend the clearing of thofe notions, 
and matters of faét, whereon folid arguments for natural, or reveal’d 
religion, are founded ; how remote foever thofe truths may be from vulgar 
apprehenfions. In fhort, a fuperficial wit, fuch as is frequently found in — 
libertines, and often helps to make them fuch, may be compared. to an 
ordinary {wimmer, who can reach but fuch things as float upon the wa- 
ter; whilftan experimental philofopher, like a skilful diver, not only ob- 
tains thofe things that he upon the furface of the fea, but makes his way 
to the very bottom of it; and thence fetches up pearls, corals, and other 
precious things, that, in fuch depths, lie conceal’d from other men’s 
: fight and reach. , | 
Experimental . We have feen, then, that experimental philofophy is, in its own na- | 
pelle, eon ture, favourable to religion, in general: it alfo greatly conduces to fhew - 
ese par- the truth of the chriftian religion, in particular. | 
tigular. This excellent religion is recommended to minds rightly difpofed, by 
a great number of prerogatives, whereof I fhall mentiona few. 
1. And firft, the three grand arguments, that jointly evince the truth of 
the chriftian religion in general, are, in my opinion, the excellency of 
the doctrine, which makes it worthy to have proceeded from God ; the 
teftimony of the divine miracles, wrought to recommend it ; and the great 
effects, produced in the world by it. “[wo of thefe three arguments are 
bottom’d upon matters of faét, and, confequently, are likely.to be the 
moft prevalent upon thofe who havea great veneration for experience, and 
are duly difpofed to frame fuch pious refle€tions, as it warrants and leads 
to. | 
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Now, an experimental philofopher, who is mafter of others experience, Prystcs. 
as well as of his own, and duly qualified to reflect upon both, will find UAWNY 
{trong motives to the belief of chriftianity, in the two laft of thefe argu- Different kinds 
nients of itstruth. We muft here obferve, that the word experience may fea 
admit of féveral fenfes, whereof one is far more comprehenfive than ano- 
ther ; and likewife, of feveral divifions, and diftributions. For, befides 
its more reftrained acceptation, it is fometimes fet in contra-diftinGtion to 
reafon, fo as’to comprehend, not only thofe phenomena that nature or art 
exhibits to our outward fenfes, but the things we perceive to pafs with- 
“in ourfelves, ‘and all thofe ways of information, whereby we. attain any 
knowledge that we do not owe to abftraéted reafon. So that, without 
ftretching the word to its utmoft extent, and to which it has been enlarg’d, 
it may be look’d upon as a very comprehenfive term, and fit to be branch- 
ed into parts. I fhall, therefore, divide it into perfonal, hiftorical, and 
- fupernatural, or theological. 
{ call that perfonal experience, which a man acquires immediately by Pe/or#!. 
himfelf, and which accrues to him by his own fenfations, or the exercifeof 
his faculties, without the intervention of any external teftimony. “Tis by . 
this experience we know, that the fun is bright ; fire, hot; inow, cold, 
and white; that, upon the want of aliment, we feel hunger ; that we 
hope for future good ; that we love what we judge good, and hate what 
we think evil; and difcern that there is a great difference between a tri- 
angle, and a circle, and can diftinguifh them by it. 
By hiftorical experience, I mean that, which tho’ it were perfonal in Hubericat. 
fome other man, is but by his relation, or teftimony, whether immediately, 
or mediately conveyed to us. “Tis by this we know, that there were 
fuch men as Fulius Cafar, and William the conqueror ; and that Fofeph knew 
‘Pharaoh had a dream, which the Egyptian wife-men could not expound. 
Theological experience is that, by which we know what ({fuppoling a 44 theolrgical, 
divine revelation ) God is pleafed to relate, or declare concerning himéelf, eae? 
his attributes, his ations, his will, or his purpofes; whether immediate- 
ly, as he fometimes did to Fob and Mojes, and conftantly to our Saviour ; 
er by the intervention of angels, prophets, apoftles, or infpired perfons ; as 
he did to the J/raelites, and the primitive chriftian church ; and ftill does to 
‘us, by thofe written teftimonies we call the fcriptures. 
By perfonal experience, we know that there are ftars in the heavens ; by 
hiftorical experience, we know that there was a new ftar feen by Tycho, and 
other-aftronomers, in Caf/iopeia, in the year 1372; and, by theological ex- 
perience, we know, that the ftars were made on the fourth day of the 
creation. : 
I-do not, therefore, here take experience in the ftritteft fenfe of all, but 
in a greater latitude, for the knowledge we. have -of any matter of fact ; 
which, without owing it to our reafoning faculty, we either acquire by 
the immediate teftimony of our own fenfes, and other faculties, or, it ac- 
crues.to us by the communicated teftimony of others. And, even in com- 
mon acceptation, the word experience Is not always meant of that which 
Vou. fi. : Kk 1S. 
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Puysics, is immediate, but is often taken in a latitude. As when we fay, ex- 
/ perience teaches us, who, perhaps, were never out of England, that the | 
torrid zone is inhabited ; and perfuades learned men, who had opportunity 
to make nice aftronomical obfervations, that ftars may be generated, and 
perifh; or, at leaft, begin to appear, and then difappear in the celeftial — 
region of the world. On this kind of hiftorical experience, confifting of 
the perfonal obfervations of Hippocrates, Galen, and other phyficians, tranf- 
mitted to us, a great part of the practice of phyfic is founded. And the 
moft rational phyficians take, as matters of fa&, not only what other phy- 
ficians have left upon record, but many prefent things, which themfelves. 
can know but by the relation of their patients ; 2s, that a man has a parti-_ 
cular antipathy to fucha thing, which the doctor, perhaps, judges fit for 
him to ufe ; or, thata woman with child, longs for this, or that deter- 
-minate thing. And, phyficians reduce thefe, and the like matters of fact, — 
to experience, as to one of the two columns of phyfic, diftinguifhed from 
reafon. | Te 
Since, then, learned men, as well ascuftom, confine not the application: 
of the word experience, to that which is perfonal, but employ itin a far 
greater latitude ; I fee not, why that, which I call theological experience,. 
; 7 may not be admitted; fince the revelations that God makes concerning~ 
what he has done, or purpofes to do, are but teftimonies. of things, moft: 
of them matters of faét, and all of them fuch, as, (fo far as they are merely 
revelations) cannot be known by reafoning, but by teftimony ; whofe -be- 
ing divine, and relating to theological {ubjects, does not alter its nature, 
» tho” it give it a peculiar and fuper-eminent authority. 
3 To apply this diftribution of experience, to the matters of fact, that re-- 
commend the credibility of the chriftian religion, I fhall offer my thoughts; 
in two diftinét propofitions, ‘sett Bh 


- 


ue PRO: P. of. | 
We ought to believe feveral things upon the information of experience, mediate 
and immediate, which, without that information, we fhould judge unfit to 
| be credited ; or, autecedently to it, a€tually judged contrary to reafon. 


This propofition may be underftood, either of perfons, or of things, and: 
will hold true im both. | : 

And, firft, as to perfons; if our own obfervation of what occurs 
among mankind, does not fatisfy us, that we are oblig’d, after fufficient 
tryal, frequently to alter the opinions, which, upon probable reafons, we- 
had before entertain’d, of the fidelity, prudence, juftice, chaftity, Oc. of | 
this or that perfon ; we need only turn to the records of hiftory, or appeal 
to the tribunals of judges. For, in both we find but too many inftances: 
and proofs from matters of faét, that perfons look’d on, even by intelli- 
gent men, ashonelt, virtuous, and holy, have prov'd falfe, perfidious, dif 
foyal, unjuft, facrilegious, perjur’d, @c. And, in the courts of juftice, we 
find a great deal of time employ’d to detect not only civil trantgreffions 5 
32° 


The Chriftian Virtuofo. 251 
as thefts, cheats, forgery, falfe-witnefs, adultery, and the like, perpetra- Paysics. 
ted by thofe, who, before they were throughly fitted, pafsd for honeft ; VY | | 
but, even fins againft nature ; as, the murders of parents by their chil- 
dren, and children by their parents, O'c. Whence “tis plain, that we 
ought, upon the teftimony of experience, to change the opinions we thought | 
we had rationally taken up of perfons. I now proceed to make good the 4 
propofition, in the fenfe I chiefly intended, which is, as it relates to. : 
things. 

If experience did not inform and certify us, who would believe, that a little 
heap of light, black grains of matter, fhould be able to over-turn ftone-walls, 
blow up whole caftles and rocks themfelves, and do thofe other ftupendous 
things, that we fee actually perform’d by gun-powder,made ufe of in ordi- 
narice,and in mines? Who would think, that two or three grains of opium, 
fhould fo ftupify a large human body, as to force a fleep 5 and often, even 
without that, fufpend the fharpeft torments in the cholic, gout, and other the 
moft painful difeafes, in patients of quite different ages, fexes, and con- 
{tutions ;.in whom alfo the difeafes are produc’d by differing, or even 
by contrary caufes? Who would beheve, that the poifon adhering to 
the tooth of a mad dog, tho’, perhaps, fo little, as to be {carce difcerni- 
ble by fenfe, fhould be able, after the flight hurt 1s quite healed, to conti- 
nue in the warm, perfpirable body of the bitten perfon, not only for fome 
_days, or months, but, fometimes, for very many years? And, after ha- 
ving -lurk’d all that while, without giving any trouble to the patient, 
that it fhould, on a fudden, pervert the whole economy of his body, and 
produce a madnefs like that of the dog which bit him, difcovering icfelf 
by that ftrange and fatal fymptom, an Aydrophobia ¢ 7 

But, befides a multitude of inftances that may be given of truths, 
which, were it not for experience, we fhould refufe to believe ; becaufe 
the fmall ftrength of fuch agents, feems altogether difproportionate to 
the effects afcribed tothem; many other inftances might be alledg’d, 
wherein we affent to experience, even when its informations feem con- ‘ 
trary to reafon, and that which, perhaps, we did actually, and, without 
fcruple, take to be true. bcd ash : | 
Since gravity is the principle, that determines falling bodies to move 
towards the center of the earth; it feems very rational to believe, with 
the generality of philofophers, that, in proportion as one body is more 
heavy than another, fo it fhall fall to the ground fafter than the other. 
Whence it has been inferr’d, that of two homozencous bodies, whereof 
one, for example, weighs ten pounds, and the other but one pound ; the 
former, being let fall from the fame height, and at the fame time with 
the latter, will reach the ground ten times fooner. 

But, notwithftanding this plaufible reafoning, experience fhews us, (and 
I have purpofely try’d it) that bodies of very unequal weight, ‘let fall 
together, will reach the ground at the fame time ; or fo near it, that ‘tis 
not eafy to perceive ‘any difference in the velocity of their delcent, from a 
moderate height. | 
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Puysics. "Tis generally taken for granted, by naturalifts, as well as others, that: 
AVN ftrong and loud founds, as they are heard much farther off, than fainter ; 

fo, if the fonorous bodies be equally diftant from the ear, the very ftrong 
found will arrive much fooner at it, than the other; yet, by the experi- 
ments of the moderns, about the velocity of founds, (in making many of 
which, I have endeavour’d at accuracy) it appears, that weaker founds 
are (at leaft, as to fenfe) tranfmitted through the air as fwiftly as 
the ftronger. And, indeed, tis often obferv’d, that when cannons and 
muskets are difcharg’d together, the reports of both arrrive together at 
the ear. | : 

It feems irrational to conceive, that a fmaller and weaker load-ftone, . 
fhould draw away a piece of fteel from a larger and ftronger ; yet, my ex- 
perience (and that of others) proves, that, in fome cafes, this paradox. 
1s a truth. ; bt . eae 

It has generally, by philofophers, as well as other men, been look’d | 
upon as manifeft, and agreeable to reafon, that cold condenfes water, more 
or lefs, according to its degree; and, confequently, that ice is water 
reduced into a lefs bulk. But, ’tis plain, by experiments carefully made, 
that water is, by glaciation, rather expanded; or, at leaft, that ice takes 
up more room, than the water did before it was congeal’d. And of this 
fort of inftances, it were eafy to add a vaftnumber. cae, 

And, to extend the force of our arguments, to that experience whichis — 
not immediate, or perfonally our own, but communicated by others ; pro- 
vided it be competently attefted, and duly convey’d to us ; there will need 
but a little reflection on what is judg’d reafonable, and freely prattis’d, 

i by philofophers themfelves. For, how many conclufions have the mo- 
dern naturahifts admitted, tho’ abftraét reafoning never led men to make 
them, and even while plaufible arguments, and the notions and axioms 
of the moft generally receiv’d philofophy, were contraryto them? -'Thus, 
that in the heavens there fhould be generations and corruptions, was not 
only unobferv'd before the time of Ariftotle, but is contradiéted by his ar- 
guments ; yet I, with many others, have feen great {pots (perhaps bigger 
than Europe) generated and diffipated on or near the furface of the fun: 
and fevera] af the modern philofophers and aftronomers, having never be- 
held any of thefe, muft take the phenomena upon the credit of thofe who 
have obferv'd them. And much more muft they do fo, who, in fpite of 
the vulgar philofophy, which made all comets fublunary, believe they 
are celeftial bodies. For, that they appear above the concave of the — 
moon's orb, we credit upon the affirmation of thofe who obferv’d them ; 
which very few have done themfelves. And the height of the famous co- 
met, or difappearing ftar, in Caffiopeia, inthe year 1572, whereon fo much 
_ ftrefs is laid by our philofophers and mathematicians, is admitted and 
urged, chiefly from the opinion they have, not only of Zycho’s veracity, but 
his skill in obferving the motions and phenomena of that celeftial light ; and 
particularly its having no parallax. 
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‘In fhort, the great artichect of experimental hiftory, Sir Francis Bacon, Prystes 


when he divides it but into three parts, affigns the fecond of them to what 
he calls preter-generations ; fuch as monfters, prodigies, and other things ;. 
which being, as to us, but cafualties, all thofe that happen’d in other 
_ times and places than we have livedin, we muft take upon the credit of 
others. And yet thefe mediate experiments, by fuggelting new infances 
of nature’s power, and uncommon ways of working ; and by overthrow- 


ing, or limiting, received rules and traditions ; afford us a confiderable and, . 


inftructive part of natural hiftory, without which, it would not be:either: 
fo found, or fo compleat. 


PR OP. IL. 


We ought to have a great and particular regard to thofe things that aye yea - 
commended to our belief, by what we have reduced to real, tho’ fupernatural” 


experience. 


For, 1. “Tis manifeft, that the moft rational men {cruple not to believe,’ 


upon competent teftimony, many things, whofe truth did no way appear 


to them, by.confidering the nature of the things themfelves; nay, tho’ 
what is thus believ’d upon teftimony, be fo ftrange, and, fetting afide’that - 


teftimony, would feem {fo irrational, that antecedently to it, the things, at” 
laft, admitted as truths, were actually reje€ted as errors,. or judg’d.al-. 


together unfit to be believ'd. And the points wherein experience over- 
rules that, which, before it happen’d, was judg’d to be moft agreeable to 


xeafon, concern things merely natural, or civil, whereof human reafon is - 
held to be a proper judge ; whereas, many of the points recommended «by. 
fupernatural experience, concern'things of a fuperior order ; many of which - 


are not tobe adequately eftimated by the fame rules with things merely 


corporeal, or civil ; and fome of which, asthe eflence and manner of ‘ex= _ 


iftence, and fome peculiar attributes, of the. infinite God, involve or re~ 


quire fuch a knowledge of what is infinite, as vaftly exceeds the reach of owe - 


limited underftanding. 
But this is not all: for, 2. As’tis, with juftice, generally granted, thatthe 
_ better qualified a witnefsis,.in the capacity of a witnefs, the ftronger-af- 
{ent his teftimony deferves; fo we ought, of all the things that can. be 
recommended to us by teftimony, to receive thofe with the higheft degree 


of affent, that are taught us by God, thro’ the means of thofe perfons . 
5 NM pe 


who appear to have been commiffioned by him to declare his mind to men. 
For the two grand requifites of a witnefS, being the knowledge heshas of 


the things he delivers, and his faithfulnefs in truly delivering what he ~ 
knows ; all human teftimony muft, on thefe accounts, be inferior to. di- - 
vine teftimony : fince the latter is warranted both by the veracity of God, :. 


and by his boundlefs knowledge; which makes it as impoffible he fhould 
be deceiv’d himfelf, as the other does, that: he fhould deceive us. And, 
becaufe that, for the delivery of divine teftimony, it has often pleas’d God, 
Who is a moft free, as well asa moft wife agent, to make ufe of apes 
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mifing perfons as hi inftruments ;, I fhall not altogether overlook this ‘cir-- 


cumftance, that an experimental philofopher fo often increafes ‘his know- 


ledge of natural things, by what he learns from the obfervations and pra- 
- &tices, even of mean, and, perhaps, of illiterate perfons, becaufe they are 
-converfant ‘with the works of nature ; that he is not only willing’to ad- 


mit, -but often curious to feek for informations from them: and therefore 
he is not likely to fhew much reluctance in receiving the doctrines of reveal- 


-ed religion, {uch as chriftianity, if the teachers of it were honeft men, 


and had opportunity to know the truth of the things they deliver ; tho’ 
they were of fome mean profeffion. 


a 


And, indeed, fuch a perfon as our virtuofo, will, with great willingnéfs, 


-exercife himfelf in perufing, with attention, and much regard, the writings 
of the apoftles, evangelifts, and ancient prophets ; notwithftanding any mean- 


nefs of their firft condition, or of their fecular employments. ‘And here, he 


will not only readily fuffer himfelf to be inftru¢ted in the grand and gene- 
yal articles of religion, which, becaufe of their neceflity, or very great 
ufefulnefs, are to be met with in many places, and in variety of exprefiions, 
by honeft and duly-difpofed. readers ; but he will, inftead of difdaining 
fach tutors, both expeét, and carefully ftrive, to improve his knowledge 
of divine things in general, even by thofe hints, and incidental paflages, 
that a carelefs or ordinary reader would overlook, or not expect any thing 


from. For, as the fertility of the {criptures is not ufually enough difcern’d 


by vulgar readers, when the facred writers tranfiently touch upon a great 


» 


many fubjects, that they do not exprefly handle; fo, the docility we have 


aferibed to our virtuofo, will make him repofe a great deal of truft in the 


teftimony of infpired perfons, fuch as Chrift and his apoftles, about things 
of all forts, whether ufually taken notice of, or not, that relate to objects of 


a fupernaturalorder ; efpecially if among thefe, God himfelf, and his pur- 


pofes, be comprized:: fince feveral of thofe things are not knowable with- 


out revelation, and others are beit known by it. And to beallow’d to ground 
a belief about fuch things, on the relations and other teftimonies of thofe 
that were “‘eye-witnefles and minifters” of the things they {peak of, will, 


by our virtuofo, be juftly reputed fuch an advantage, in order to the know- 


ledge of things divine; as the confulting with navigators and travellers to ~ 
America, is, toa perfon curious to learn the ftate of that new world. For 
‘an ordinary fea-man or traveller, who had the opportunity, with Co/umbus, 


to fail along the feveral coafts of it, and pafs up and down thorough the 


‘country, ‘was able at his return to inform men of a hundred things, that 


they would never have learn‘d by Arifiotle’s philofophy, or Ptolemy's geo= 


graphy. and might not only acquaint them with many particulars, agree- 
{ 2 oe 4 cake .- 9 
able to the opinions which their receiv‘ phyfics and cofmography fug- 


cefted, but alfo rectify feveral erroneous prefumptions and miftakes, which, 


till then, they thought very agreeable to the diCtates of thofe {ciences, and 
to.reafon. And as one, who hada candid and knowing friend, intimate 
with Columbus, might better rely on his informations about many particu- 
Jars of the natural hiftory of thofe parts, than on thofe of a hundred — 
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fchool-philofophers, who knew only what they learned from Ariftotle, Pliny, 
Elian, and the lke ancient naturalifts ; much more may we rely on the 
accounts given us of divine things, by the apoftles, and conftant attendants 
of him who lay in the “ bofom of God his father,”’ and commiffion’d them 
to declare to the world the “ whole counfel of God,” as far as twas ne- 
ceflary for man to know. OR ASAE Sth OR 
_ Fuller trials are allow’d, among ingenious men, to reétify the informa- 
tions of the more imperfect ones ; and therefore I fhall add; that, tho’ the 
innate notions and fentiments, which nature gives us of the attributes and 
mind of God, be highly to be prized ; yet the informations that theological 
experience affords of thofe abitrufe things, is far more excellent and com- 
pleat. pit | : | aaa te re 
I have dwelt the longer upon the miracles that may be pleaded to recom- 
mend the chriftan religion, becaufe I thought, that an argument grounded 
on them is little lefs than abfolutely neceflary, to prove that any religion 
men believe to be fupernaturally reveald, really proceeds from God. 
For, tho the excellency of the chriftian doétrine, and other concurrent 


motives, may juftly perfuade me, that ’tis worthy and likely to be given by 


God ; yet that, in fact, this doctrine comes from him by way of fupernatural 
revelation, I can fcarce be fufficiently afcertain’d, but by the miracles 
wrought by Chrift and his difciples, to evince, that the doétrine they 
preach, as commiffion’d by God to do fo, was indeed his ; being, as 


be Pac 
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fuch, own'd by him. But thefe miracles haying been wrought in the firft.. 
ages of the church ; we can have no knowledge of them by our own fenfes, _ 
or immediate obfervation, but muft take them upon the credit of hifterical - 


experience, which is afforded us by the duly tranfmitted teftimony of thofe, 
who were themfelves eye-witnefles of the things they relate. And fince we 
{cruple not to believe fuch ftrange prodigies, as celeftial comets, vanifhing 
and re-appearing ftars, iflands founded by fubterraneal fires in the fea, 


‘the darkneis of the fun for many months together, earthquakes reaching - 
above a thoufand miles in length, and the like amazing irregularities of | 
nature, upon the credit of human hiftories; I fee not, why that hittorical. 
experience fhould not more be trufted, which has many peculiar and .con- - 


current circumftances to confirm it; and, particularly the death.that moft 


of the firft promulgators chearfully fuffer’d to atteft the truth of it; and _ 


the fuccefs and {preading of the doétrine authorized by thofe miracles, and. 
receiy d chiefly upon their account. "To which things, fome perhaps would . 


add, that “tis lefs incredible, that the author of nature fhould, for moft 
weighty purpofes, make ftupendous alterations of the courfe -of nature : 


_ than that nature herfelf, for no fuch end, fhould, by fuch prodigies, as were . 


lately mention’d, throw herfelf, as it were, out of her own courfe. 


_ Miracles being fo neceflary to the eftablifhment of reveal’d religion in - 


general, it may be look’d upon as a farther-difpofition in. our virtuofo to 


receive the chriftian religion, that the philofophy he cultivates, much.con- - 


duces to enable him to judge aright of thofe ftrange .things, that are by 
many propofed as miracles, and believed to be fo. ? 
or 
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Puysics:) For, firft, the knowledge he has of the various, and wonderful opera< 
AAI tions of fome natural things; efpecially when they are skilfully improv’d, 
, ‘and .dextroufly apply’d by art, particularly, in mathematics, mechanics, 
-and chymiftry, will qualify him to diftinguifh between things that are 
wonly ftrange and furprizing, and thofe that are truly miraculous: fo that 
he will not miftake the effééts of natural magic for thofe of a divine power. 
And, by this means, he will be able to-difcover the fubtile cheats, and 
-collufions of impoftors ; whereby not only the multitude of all religions, 
efpecially the heathen, but even learned men of moft others, for want of 
an infight into real philofophy, have formerly been, or are at this day, 
-deluded, and drawn into idolatrous, fuperftitious, or otherwife erroneous 
tenets, or practices. 4 eae 
On the other fide, the knowledge our virttiofo may have of what cannot 
-be juftly expected, or pretended, from the mechanical powers of matter, _ 
will enabie him to difcern, that many things are not producible by them, 
‘without the intervention of an intelligent fuperior power; on which ac- 
-count, he will frankly acknowledge, and heartily believe feveral. effets to 
be truly miraculous, that may be plaufibly enough afcribed to other caufes 
in the vulgar. philofophy ; where men are taught to attribute ftupendous and 
‘unaccountable effects to fympathy, antipathy, Fuga vacui, fubftantial forms, 
‘and, ‘efpecially, to a certain Being, prefumed to be almoft infinitely 
potent «and wife, which they call nature: for this is reprefented as a 
kind of goddefs, whofe power may be little lefs than boundlefs: ‘thus, 
. , Tremember, Galex himfelf compares it to that of God ; and faith, that he 
-could not do fuch a thing, becaufe nature could not ;and cenfures Mofes for 
{peaking as if he were of another mind. : | 
[know ‘it.may be objeéted, that thofe who are fo well acquainted with 
‘the myfteries of nature, and her various, and ftrange ways of working, 
‘as our virtuofo is Luppofed.to.be, may, by that knowledge, be ftrongly — 
‘tempted to think, that thofe furprizing things, other men call miracles, 
are but effects of her power ; the extent of which is not eafily difcern’d by 
ordinary men, nor {afely defined by philofophers themfelves. ‘To this I 
thall only here reply, ‘that to make it reafonable to judge a particular per- 
formance fupernatural, it is not at all neceflary that it furpafs the whole 
‘power of nature, that is, of phyfical agents; provided it furpafs the 
power of that. caufe, or that complex of caufes, from which the effect muft 
sn reafon, ifit be purely natural, or phyfical, be fuppofed to have pro- 
«ceeded. For inftance, that a fifherman or two fhould {peak ether langua- 
ges than their own, .does not -at all exceed the power of nature, if they 
employ’d a competent time in.learning them: but, that a ‘great number of 
fifhermen, .and other ‘illiterate perfons, fhould, all on a fudden, become 
linguifts, and, in an hour’s time, be able to {peak intelligibly to a great’ 
number ‘and wariety of nations, in their refpeCtive languages, as the new 
teftament relates, that the apoftles, and their companions ‘did on the day 
of pentecoft ; this gift of tongues, I fay, was an.ability, which, in thofe 
| | cit= 
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circumftances of place, time, and perfons, wherein ’twas exercifed, may Puysics. 
_juftly be concluded to have been fupernatural, or miraculous. : 

Lo proceed, ‘tis a notorious matter of faG, that, in lefs than half an 
age, the chriftian religion was fpread over a great part of the then known 
world; fo thar, in a few years after it began to be preach’d, the apoftle 
of the Gentiles could tell the Romans, with joy, “that their faith was {poken 
“ of throughout the whole world.” And, in the fecond century, Tertullian, 
and other famous writers, fhew, that the gofpel had already numerous 
-profelytes in a great number of different kingdoms, and provinces. This 
“wonderful quick progrefs of the.chriftian religion, being aTcereaintd to our 
virtuofo, from a thing whereby he is fo much {way'd, as experience; it 
greatly difpofes him to believe the truth of fo prevalent a religion. For, 
if he confiders the perfons who firft promulgated it ; they were but half a 
fcore of illiterate fifhermen, a few tent-makers,-and other trade{men, If 
-he confiders the means employ’d to propagate this doétrine, he finds, that 
they had neither arms, nor external power, to compel men to receive it ; 
nor riches, ‘honours, or preferments, to bribe or allure them to it ; nor 
were they men of philofophical fubtilty, to intrap, or entangle the minds 
of their auditors. ‘Nor did they make ufe of the pompous ornaments of 
rhetoric, and glofles of oratory, to inveigle, or entice men; but treated 
of the moft fublime and abftrufe matters, in a moft plain and unaffected 
ftyle ; as-became lovers and teachers of truth. Ifhe confiders the nature 
ef the doctrine, that, ina little time, obtain’d fo many profelytes, he will 
find, that, inftead of being fuited to the natural apprehenfions, or the re- 
ceiv'd opinions of men; and, inftead of gratifying their corrupt. affections, 
or complying with fo much as their moft innocent interefts ; it prefcribed . 
‘fuch mortifications, and fuch great ftri€tnefs of life, and high degrees of 
‘virtue, as no legiflator had ever dar’d to impofe upon his fubjeéts, nor 
‘any philofopher on his difciples. And'this doétrine was propofed in fuch 
“a way, and was accompany’d with predi@ions of fuch hardthips and per- 
fecutions, that fhould, in thofe times, ‘be the portion of its fincere pro- 
‘feflors ; as if the law-giver had defign’d ‘rather to fright men from his 
.doétrine, than allure them to it: fince they could not believe what he faid, 
and foretold, to be true, without believing, that they fhould be made 
great fufterers by that belief. If our virtuofo-confiders the oppofition 
made to the progrefs.of the gofpel, he will find caufe to wonder, that it’ 
could ever be furmounted. For the heathens, which made by far'the 
greatelt part of the world, were deeply engaged in polytheifm, idolatry, 

magical rites, and fuperftitions, and almoft all kind of crimes ; and fome 
of thefe were fhamelefs debaucheries, which oftentimes made a part of 
their worthip. And the Jews, by the’ corrupt léaven of the pharifees, 
the impious ‘errors of the {adduces, and the general miftakes of the 
nation about the perfon, office, and kindgom ‘of the Meffias ; and by their 
dotage upon their ‘vain traditions, and numerous fuperftitions, grounded 
upon them, were, on thefe and other accounts, highly indifpofed, as well - 
asthe Romans, the ‘two ‘nations to be-converted, to -be made proftlytes: 
Wo 1. II, . | 2] efpecially 
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Puysics. efpecially when they could not own themfelves to be fuch, without expofing: 
their perfons to be hated and defpifed ; their pofleffions to be confifcated ; 
their bodies to be imprifon’d and tormented; and oftentimes their lives to 
be, inan ignominious and cruel manner, deftrey’d. And, whilft the fe- 
cular magittrates made them fuffer all thefe hardthips, the venerated. 
priefts, the fubtile philofophers, and the eloquent orators, perfuaded the. 
world, that they deferv’d yet more than they endured; and employ’d all 
their learning and wit to make the religion odious and. ridiculous, as-wellas 
the embracers of it miferable: accufing the martyrs, and other chriftians,. 
of no lefs than atheifm, inceft, and the inhuman fhedding and drinking 
the innocent blood of infants. ‘Thefe, and the like matters of fa@, when 
our virtuolo reflects on, and confiders, by what unpromifing means fuch. 
icemingly infurmountable difficulties. were conquer’d; he cannot, by 
this hiftorical experience, be inclined. to think, that effeéts, fo difpropor- 
tionate to the vifible means, could be brought to pafs,. without the pecu- 
liar affiftance, and extraordinary blefling of God; by whom thofe fuccefl-. 
ful preachers averr’d themfelves to be commiffioned. For, that the fu- 
pernatural help whichthe chriftian doctrine appears to have had, was di-. 
vine, not diabolical, will feem evident. to our virtuofo, from thenature, — 
tendency, and effects of the doétrine itfelf; which exprefly teacheth, that 
there is but one God; that he alone is to be worfhipped, and not idols,. 
nor any of the heathen demons, or deities; that the devils are wicked,. 
apoftate, malicious, and miferable creatures, hated of God, and who ex-=. 
tremely hate mankind; and that thofe vices, as well as rites of worthip, 
eftablifhed by them in the world, were abominable to God, and would be,. 
by degrees, deftroy’d by him : as, in effet, they foon began to be in ma-. 
ny places of the world, where the worfhippers of Chrift caft the devil out 
of his temples, out of mens veneration, and, oftentimes, out of their bodies toos. 

One circumftance there is of the propagation of the gofpel, which, tho” 
it may feem more extrinfecal than thofe hitherto mention’d, is yet too con. 
fiderable to be here omitted ; I mean, that the quick fpreading, and fuce 
ce{s of the chriftian doétrine in the world, was foretold both by the pro- 
phets of the old teftament, and the author and promulgators of the new. 
For, it being notorious, that many errors and fuperftitions, have, with too. 
much celerity, been {pread far and wide in the world; either by reputed: — 
mere accidents, that were very favourable to them, or by the induftry. 
and artifices of men; it ought to be no fimall fatisfaétion to equitable: 
judges, that the fudden progrefs, and notable effeéts of the chriftian reli- 
gion, were foretold. by the ancient prophets, and by the Mefiias and his 
apoitles. For, by thefe accomplifh’d prediétions, it may appear, that the. 
wonderful fuccefs of the gofpel was not an effect of chance, but was, long: 
before, determin’d by divine providence, to be accomplith’d in a wonderful. 
manner, by his peculiar affiftance. 

But true prophecies of unlikely events, fulfill’d by unlikely means, are 

\ fupernatural things; and, as fuch, may properly be reckon’d among. mi- 
racles. We might add, that thefe have a peculiar advantage above. moft. 


_. other 
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other miracles, onthe account of their duration : fince the manifeft proofs Pyysics. 
of the predictions continue ftill,and are as vifible as the extent ofthe chriftian UAW 
religion ; and fome of them are ftill more and more accomplifh’d, by the | 
cotiverfions made of multitudes of infidels, in feveral vaft regions of Ame-~ 
rica. So that if we may cai fome tranfient miracles, fuch as the turning 
water into wine, ata marriage-feaft in Galilee ; and the darkening of the 
“fun when the moon was in the full, at the crucifixion of Chrift ; accomplifh’d 
predictions may be ftyled permanent ones; and their difference may ap- 
pear by the differing ftates of the Mofaic manna: for, tho both that which 
fell daily (except on the fabbath). in the wildernefs, and that which was 
laid up in a pot before the teftimony, were fupernatural produétions ; yet, 
tho’a portion of the former out-lafted not two or three days; that kept in the 
pot, was prefery d for many ages, and continu’d to be (as it was foretold it 
fhould) a vifible miracle. 

Besides, the preachers of the chriftian religion, both pretended and 
appeal’d to miracles, as proofs of the truth of their do¢trine: and 
if we confider the great difadyantages they lay under, and the pow- 
-erful oppofition of all forts, that they met with and furmounted ; it can- 
“not reafonably be thought, that fuch unlikely men fhould fo fuccefsfully 
preach fo uninviting a doétrine, unlefs it were confirm’d-by confpicuous 
miracles. “Or, at leaft, if fo uneafy and perfecuted a religion, was pro- 
‘pagated without miracles, that propagation itfelf may juftly pafs for a mi- 
-racle; and-be no lefs fit than another, to confirm the religion fo admirably 
propagated. 

Thus, I think, I have fhewn, that a virtuofo has fome helps, which 
‘other men, generally {fpeaking, want, to make him judicioufly approve 
the arguments for the truth of the chriftian religion, grounded on the 
miracles wrought in its favour, and the wonderful fuccefs of it in the 
world. But, becaufe a reveal’d religion, how true foever, can {carce be 
proved but by moral demonftrations ; and becaufe it is not, therefore, al- 
ways fufficient, that the arguments be good in their kind ; but there are 
_fome qualifications requir’d in the minds of thofe who are to be convine'd 

by them ; I fhall now add, that experimental philofophy alfo difpofes the  - 
mind of its cultivator to receive dueimpreffions from fuch proofs, as mi- 
racles, as well as other topics, afford the chriftian religion. 3 

Another thing, then, that qualifies an experimental philofopher, for the 
_ reception of reveal’d religion, is, the habit of endeavouringto give clear ex- 
planations of the phenomena of nature, and to difcover the weaknefs of 
thofe folutions which fuperficia! wits ufually make and acquiefce in, infen~ 
fibly works in him a great and ingenuous modefty of mind. And, on 
account of this intelleétual, as well as moral virtue, he will not only be 
' very inclinable, both to defire and admit further information, about things 
which he perceives to be dark, or abftrufe ; but he will be very unapt to 
take, for the adequate ftandard of truth, a thing fo imperfeétly inform’d, 
and narrowly limited, as his mere, or abftraéted reafon. And tho’ a vul- 


_gar philofopher, who allows himfelf to refer the obfcureft things in na- 
j bean be ture, 
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Puysics. ture, to fubftantial forms, real qualities,. fympathy, antipathy, Oc. which 
“YN need not, and, perhaps, cannot be clearly underftood ; and thence prefumes 


4 


that he underitands every thing; and that thofe things muft be falfe, or 
impoffible, which agree not with his philofophy ; yet a fober and experi- 
encd naturalift, who knows what difficulties remain unfurmounted, in 


the. conception and explanations «vn of things corporeal, will not, by — 


a lazy, or arrogant prefumption, chat his knowledge about things fuper- 
natural, is already fufficient, be induced to reject, or to negleét any in- 
formation that may increafe it. " 


a | 


And this frame of mind is a very happy one for a ftudent in reveal’d 
religion; where cautioufnefs is not more neceflary for the avoiding of er- 


rors, than docility is advantageous, in learning of truth: fince the know- . 


ledge and goodnefs of the divine teacher, is fuch, that a {cholar, to improve - 
his intellect, needs but bring a mind fitted to receive the genuine infor- - 
mations, that are moft liberally offer’d, and will never deceive him, who ; 


employs a due care not to miftake the meaning of them. 


A well-cultivated converfation with the works of God, brings a man: 
to difcover, from time to time, fo many things to be: feafible,. or true, 


which, whilft he argued but upon the fhallow grounds of uninform’d rea--_ 
fon, he judg’d falfe, or unpratticable ; that, by degrees, he acquires a- 


habit of receiving fome forts of opinions, and efpecially thofe that feem- 
unfavourable to religion, with a difpofition to reform or difcard them, 


upon further information. And this, as he is refolv’d to fubmit to, in cafe 
he meets with it, fo he is difpos'd to receive it, by having often found him- 


felf obliged, upon fubfequent information, to mend, or lay afide his for- . 


mer opinions ; tho’ very agreeable to the beft light he had to judge by, when 


he entertaind them. Thus, tho’ it feems a vifible truth, that the difc of © 
Venus, is, in all refpects to the fun, totally luminous ; yet, whet the tele 


{cope difcovers her to have her full-and her wane, like the moon, he will 


believe this further obfervation, againft the firft, made with his naked 


eyes. 


And, indeed, I have fometimes doubted, whether to be vers’d in ma- 


thematics, and other demonftrative parts of philofophy, brings a greater 
advantage to the mind, by accuftoming and affifting it, ftri@ly to examine - 
things propofed for truths, and ftrongly to evince the truths a man knows, 
to others ; than by fitting him to difcern the force of 4 good argument, and 
fubmit willingly to truths clearly proved ; how little foever he may have 
expected to find fuch conclufions true. ”I'will not be difficult to apply 
thefe reflections to our prefent purpofe ; fince there are feveral paflages in 
the feripture that fufficiently declare, both that multitudes perfift in a cri- 
minal infidelity, out ofa fond conceit oftheir own knowledge, and a readinefs 
to be fway'd rather by ftrong prejudices, than by the ftrongeft arguments 
that would remove them ; and, that docility is a very happy difpofition to 


the entertainment of reveal’d religion. And this qualification will be the — 


more eafily found in our virtuofo; becaufe, tho’ the things, about which he 
has long been fenfible of his ignorance, or defires further inftru@tion, are 


M 
» 


within — 


| 
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within the fphere of nature, and the jurifdidtion of philofophy ; many Pyysrcs. 
of the things which reveal’d religion declares, are fo fublime and ab- SS 
ftrufe, that they may well be look’d upon as of an higher order than . a) 
merely phyfical ones; and, therefore, cannotbe fatisfaétorily reach’d by the 
mere light of nature.”Tis true, our philofopher will examine more ftriGily, 
than ordinary men, the proofs brought for this, or that propofed 
revelation ; but that is no difadvantage toa fupernatural religion, fuch a 
‘asthe chriftian, if it be true: andthe real truth about religion itfeif, 
does not require credulity, but only docility. Ifa piece of coin, thar. 
paffes for true gold, be offer’d to an ordinary man, and toa skilful refiner, 
the latter, will, indeed, examine it more ftrictly, and not acquiefce in 

the ftamp, the colour, the found, and other obvious marks, that’ may 
fatisfy a fhop-keeper, or a merchant ; yet, when he has try’d it by the 
feverer ways of examining, fuch as the touch-ftone, the cupel, Agua . 
fortis, &c: and finds it to hold good in thofe proofs, he will readily. 
and. frankly acknowledge, that *tis true gold, and be more thoroughly 
convine’d of it, than the other perfon ; whofe want of skill will make © 
him fill apt to retain a diftruft, and render him, indeed, more eafy to 
be perfuaded, but more difficult to be fully fatisfy’d. ‘Thus, tho’ our 
virtuofo will- examine; with more ftri¢tnefS and skill, than ordinary 
men are.able, miracles, prophecies, or other proofs, faid to be fuper- 
natural, that are alledg’d to evince a reveal’d religion; yet, if the cer- - 
tain, and genuine characters of truth appearin them, he will be more ~ 
thoroughly convine’d .of it, than a lefs skilful man, whofe want of good . 
criteria, and found ‘judgment, incline him tobe diffident, and to be itil. 
afraid of having been impofed on- 

I expect, it will be here objected, that I degrade the human underftand~ - 
ing, by afcribing fo much to experience, natural or fupernatural, that it . 
has left nothing for reafon to do, but fervilely to obey. 

This objection, indeed, is plaufible ; yet the anfwer to it will not be very 
difficult, if the matter itfelf be duly confider’d, and reafon be brought to 
2ét, notas an interelted party, but an unbyafs'd judge. | 

For we have already fhewn, that rational philofophers fcruple not to . 
alter, or renounce, the opinions which fpecious reafons had fuggefted to 
them, when once they either find thofe opinions contradicted by expe- 
rience, or meet with other opinions more conformable to it- And Ariftorle 
himfelf, tho’ he be accufed of having wrefted phyfics to logical,.and me- ~ 
taphyfical fancies, confefles, not only that in the {cience of nature, reafon 
ought to comport with the phenomena, and the phenomena with reafon ; 
but that to adhere to plaufible reafonings, and negleét fenfible obferva- 
tions, is a weaknefs or difeafe ofthe niind. And whether the underftanding 
be, as Arifforle taught, like blank* paper; and receives no knowledge, but 
what has been convey’d to it through the fenfes; or whether the notions 
are congenite with the underftanding, or fo eafily, and early, acquired by 
it, as to appear innate; they are but very few, in comparifon of thole 


that are requifite to judge aright about any one thing, that occurs either 
in 
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Puysics.-in natural philofophy, or theology. For, in the divine nature, power, 


AS VN wifdom, and other 


attributes, there is an exuberance that has produced 


‘numberlefs contrivances, laws, and other things, which exceedingly furpafs 


~both the number an 


d variety that the dim and limited intelle&t of man could 


L oO 


reach to, by framing, and compounding ideas, without the affiftance of 


the patterns afforded by the works and declarations of God. 


ae account of t 
drequently happen, 
works and mind of 


he dame prerogative of the divine knowledge, it mut 
that the notions and opinions men take up of the 
God, upon the mere fuggeftions of abftra&t reafon ; 


will not only be almoft conftantly very deficient, but often very erroneous. 
Of this we fee evident proofs in many opinions of the old philofophers ; 


who, tho’ men of 


{trong natural parts, were mif-led, by what they 


miftcok for reafon, to maintain fuch things about the works, and the 
author of nature, as we, who, by the favour of experience and revela- 
tion, ftand ina much clearer light, know to be falfe, and often juftly think 
utterly extravagant. 

$ a narrow thing, and reaches but to a very {mall fhare~_ 
of the knowable truths, whether human or divine 3 which may be obtain’d 
‘by the help of further experience, and fupernatural revelation. This 


| Abftract reafon i 


-reafon, furnith’d w 


ith no other notices than it can fupply itfelf with, is 


fo fhallow and deceitful, that he who feeks for knowledge only within 
himfelf, fhall be fure to be quite ignorant of far the greateft part of 
things ; and will {carce efcape being miftaken about a large part of thofe 


he thinks he knows 


° ~ 
6 


I am far from intending to deny reafon any of its juft prerogatives ; ~ 
-experience itfelf is but an affiftant to reafon, and fupplies informations to 


«the-underftanding ; 
right, to:examine, 


which ftill remains the judge, and has the power, or 
and make ufe of the teftimonies that are prefented to 


‘it. [he outward fenfes are but the inftruments of the foul, which hears — 


by the intervention 


of the ear, and in refpeét of which, the eye itfelf is 


but a more immediate optical tube ; and rhe fenfe does but perceive ob-— 
jects, not judge of them. Nor do the moxe wary among the philofophers 
truft their eye, to teach them the nature of the vifible objets but only em- 
ploy it to perceive the phenomena it exhibits, and the changes that happen 


to itfelf by the acti 


onofit. "Tis confefs’d too, that the fenfes may de- 


ceive us, if the requifites of fenfation be wanting ; as, when a fquare 


tower appears rou 


nd at adiftance, and a ftrait flick, half in the water, 


‘appears crooked : ‘tis, therefore, the part of reafon, not fenfe, to judge 
‘whether none of the requifites of fenfation be wantinc: which, by the 


D>? 


way, often requires, not only reafon, but philofophy:: and then, alfo, ’tis 
the part:of reafon to judge what conclufions may, and what cannot, be 


iafely -grounded.on 


the informations of the fenfes, and the teftimony of 


experience. So that, when we fay, experience correéts reafon, ’tis an im- 
els Q ee oie) ° e ° 

proper way of {peaking ; fince “tis reaion itfelf, that, upon the information 
-of experience, .correéts the judgment it had made before. 


To 


7 
—— Cease alae 
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To illuftrate the ufe of reafon, let us fuppofe an able judge coming to Pyysics. 
hear, and decide caufes, in a ftrange country: “tis plain, that the general US-YW™RS | 
notions he brings with him, and the ditates of juftice and equity, can give 
him but a very fhort and imperfect knowledge of many things, that are 
requifite to frame a right judgment about the cafes which will firft be 
brought before him ; and, till he has heard the witnefles, he may be very 
apt to fall into prejudiced opinions of things: but, when an authentic 
and fufficient teftimony has clear’d matters to him, he then pronounces, 
according to the light of reafon he is mafter of; to which the witneffes did 
but give information; tho’ that fubfequent information may have obliged 
him to lay afide fome prejudices he had entertain’d before he receiv’d it. 
And, what is faid of natural experience, with regard to the underftanding, 
may, with due alteration, be apply’d to fupernatural revelation : for here, 
alfo, the underftanding is to examine, whether the teftimony. be indeed di- 
vine; and whether a divine teftimony ought to be beliey’d, in what it 
clearly teaches. I do not, therefore, degrade reafon from the dignity that 
belongs to it, of perceiving, and judging; tho’ it be obliged, by its own 
dictates, to take in-all the affiftance it can from experience, whether na-.. 
tural, or fupernatural; and by the fuller accounts of things it receives. 
from thofe informations, to reétify, if need be, its former lefs mature - 
judgment. | 

In fhort, thofe-who cry. up-abftraét reafon,.as if it were felf-fufficient, . 
exalt it in words; but we who addrefs reafon to phyfical and theological 
experience, and direét it how-to. confult both, and take its informations. 
from thence, exalt it in effeét: and reafon is much lefs ufefully ferv’d by 
the former fort of men, than by the latter; fince, whilft thofe do but 
flatter it, thefe take the right way to improve it, 
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High Veneration 


‘Man’s INTELLECT Owes to 
oO D. 


ms bet indignation and wonder, that I hear many men, and 


. fome of them divines too, who, little. confidering what God is, 
and what themfelves are, talk of him and his attributes, as freely, 
“~and as unpremeditately, as they would of a geometrical figure, or 'a me- — 
chanical engine. And, even the lefs prefumptuous frequently difcourfe, 
as if the nature and perfections of that .unparallel’d Being, were objects — 
their intelleéts could grafp; and fcruple not to dogmatize about thofe 
-abftrufe fubjects, as freely as about other things, that are .confefledly 
within the reach of human réafon. ah : 1 
Yet-God may have feveral attributes, and perfections, utterly unknown 
‘tous; and of thofe attributes whereof we have. fome knowledge, there are 
-effects and properties, whofe fublimity, or abftrufenefs, furpaffing our com- - 
prehenfion, makes the divine.caufe, or author.of them, deferve our higheft 
wonder and veneration. bs . | 
As there are two chief ways to arrive at the knowledge of God’s attri- 
“butes ; the contemplation of his works, and the ftudy of his word; it 
‘may be doubted whether either, or.both of thefe, will fuffice to acquaint 
“us with all his perfeCtions. . oe 
For tho’ philofophers-have rationally deduced the power, wifdom, and 
-goodnefs of God, from thofe marks of them which he hath ftampt upon | 
>many of his vifible works ; yet, fince the divine attributes which the crea- _ 
tures point at, are thofe whereof themfelves have fome participation, or 
.refemblance. ;sand, fince the fertility of the divine nature is fuch, that its 
eX- 
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excellencies may be participated, or reprefented many ways; how can we Puysics. 
be fure, but fo perfect, and exuberant a Being, has excellencies not ex- UAWNY 
prefled in the vifible world, or any of its known parts? | 
Some of thofe divine attributes we know, being relative to the crea- God may bave 
tures, could fearce be difcover’d by fuch imperfeét intelleéts as ours, but-sri presen. 
from confidering fome things actually done by God. ‘Thus, fuppofing, «»ksown to xs, 
before the foundations of the vifible world were laid, the angels had no 
more knowledge than men; they could {carce imagine in God a power of 
creating matter, and of producing local motion in it: much lefs could they 
have known how the rational foul, and human body aét upon one another. 
Whence it feems probable, that if God hath made other {yftems than that 
wherein we live (and who can affure us, he hath not?) he may have 
difplayed infome of the creatures that compofe them, feveral attributes 
that we have not difcover’d by the help of thofe works of his wherewith 
we are acquainted. 
I readily grant, that the revelations God hath vouchfafed us, have 
clearly taught us feveral things concerning their adorable author, which 
the mere light of nature either would not have fhewn, or but very dimly 
difcover’d. Yet the fcripture itfelf informs us, that in this life “ we know 
but in part, and fee things but darkly ;” and that we are fo far from being 
able ‘ to find out God to perfection,” that even the ways of his provi~ 
dence are to us unfearchable. Hence God may have attributes unknown 
to us. | 
But it may bealledged, that, befides the two ways mentioned of attaining 
the knowledge of God’s attributes ; there may be a third preferable to both 
the others, by confidering the idea of a Being fupremely, or infinitely per- 
feét ; in which idea, all poffible perfeétions may be faid to be contained ; fo 
that no new one can beadded to it. And, indeed, I readily grant, that this 
idea is the moft genuine I am able to frame of the Deity ; yet there may be 
feveral attributes, which, tho’ in a general way contain’d in this idea, are 
not, in particular, difcovered to us thereby. “Tis true, that when, by 
whatever means, any divine perfection comes to our knowledge, we may 
well conclude, ’tis, in a fenfe, comprized in the comprehenfive notion we 
have of a Being abfolutely perfect ; tho’, ’tis poffible, that perfection would 
“never have come to our knowledge by the bare contemplation of that ge- 
neral idea, but was fuggefted by particulars; whence fuch difcoveries are 
not fo much derived from, as refer’d to the notion we are {peaking of. 
Thefe confiderations perfuuade me, that God may have, not only various 
attributes, but various excellencies and perfections, unknown to us. And, 
farther, many of the attributes we know he hath, we have but an imper- 
fect knowledge of, efpecially if compared with his ; for he poffefles them in 
_amanner peculiar to himfelf, and far tranfcending that wherein men poflefs 
fome faint refemblances of them. 
_The power and wifdom of God. are difplay’d, both in his corporeal, and 
his incorpoyeal creatures. | 
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Among the manifold effects of the divine power, I fhall mention only 
two; which, tho’ often very manifeft, are not very attentively reflected 
on; the immenfe quantity of corporeal fubftance that the divine power 
provided for the framing of the univerfe ; and the great force of the local — 
motion imparted to it, and regulated in it. 

The vaftnefs of that huge mafs of matter, whereof the corporeal world 
confifts, cannot but appear ftupendous to thofe who skilfully confider it. 
That part of the univerfe, which has been already difcover’d by human 
eyes, affifted with dioptrical glaffes, is almoft inconceivably vaft. The 
fix’d ftars of the firft magnitude, that to vulgar eyes look but like fhining - 
fpangles, are by aftronomers affirm’d to exceed, each of them, above a 
hundred times the whole globe of the earth in magnitude: andas little as — 
thefe ftars feem to our naked eyes, they appear much lefs thro’ our tele- 
fcopes; which taking off the falfe glittering that makes them look as they 
are painted, fhew them little other than phyfical. points of light. And 
the fun, which is granted to be fome millions of miles nearer to us than the 

other fix’d ftars; tho it feem at this lefs diftance not to be half a foot 

‘ broad; is by the generality of mathematicians allow’d to be eight or ten 
thoufand times as big as the terraqueous globe. And it plainly appears by — 
the parallaxes and other proofs, that the globe of earth and water we in- 
habit, tho’ it be divided into fo many great empires, and kingdoms, and 
feas ; and tho’, according to the received opinion, it be 5 400 German leagues 
in circumference, and confequently its folid content 10,882,080,000 cubic — 
miles ; yet this globe is fo far from being, for its bulk, a confiderable part 
of the univerfe, that tis in comparifon thereof but a phyfical point. Nay, 
thofe far greater globes, the fun and fix’d ftars, and all the folid mafles of — 
the world, if reduced into one, would, perhaps, bear a lefs proportion to 
the fluid part of the univerfe, than a nut to the ocean. And as anexcellent — 
| modern aftronomer obferves, all the ftars, crowded into one body, would, — 
| at a fit diftance, appear no bigger than a ftar of the firft magnitude. After 

: all, I have hitherto {poke but of that part of the corporeal univerfe already 

| : feen by us: I muft therefore add, that as vaft as this is, yet all that the 

| eye, even when powerfully affifted by telefcopes, hath difcovered, is far 

: | from reprefenting the world of fo great an extent, as more perfect glaffes_ 

| will do hereafter. And even then the vifible part of the world will be far 
from réaching to the bounds of the univerfe*, ; 
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world. 
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* « The fyftem of the world is now” 
fays Dr. Halley ‘ underftood to occu- 
‘« py the whole aby{s of fpace, and con- 
“ fequently to be actually infinite ; and 
“‘ fmaller fix’d ftars being ftill difcover- 
‘‘ able, as more perfec telefcopes are 
“« employ’d, feems to confirm this doc- 

“trine. Were the whole fyftem finite, 


*¢ it would, tho’ ever fo extended, ftill _ 


“ occupy no part of the Infinitum of 
** fpace, which neceffarily and evident- 
“ ly exifts; whence the whole would 
“ be furrounded with an infinite Inane ; 
“and the fuperficial ftars would gravi- — 
“tate towards thofe near the centre, — 
“ and with an accelerated motion run | 
*€ intothem, and in procefs of time u- — 
§ nite into one. But if the whole be — 
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From the vaft extent of the univerfe, I proceed to confider the ftupen- Prysics. 
dous quantity of motion, that the divine power has given the parts of it, UAWNY 
and continually maintains init. Of this we may make an eftimate, by yn eee 
confidering with what velocity fome of the greater bodies are moved , and tion given there- 
how large a part of the remaining bodies of the univerfe, is alfo endow’d 7%, 773,mai™ 
with motion. 

The leaft velocity I fhall mention, is that afforded by the Copermicaz hy- 

othefis ; according to which, the earth revolves from weft to eaft, about 
its own axis, in four and twenty hours; yet this terraqueous globe, which 
we think fo great, that we commonly call it the world, moves at fucha 
rate, that, as the learned Gaffendus computes, a point fituated in the equa- 
tor of it, moves about twelve hundred feet ina fecond minute: fo that a 
bullet thot out of a canon, fcarce flies fo {wift. 

But this velocity is {carce comparable to that of the fix’d ftars: if we 
fuppofe them to move, in four and twenty hours, about the earth. For fup- 
pofing the diftance affign’d by Tycho between us and the firmament to be 
feven thoufand diameters of the earth; a fix'd ftar in the equator, moves, 
as Mullerius calculates, 3,15 3,333 miles in an hour, and confequently 5 2,555 
ina minute, and 875 in a fecond; that is, three thoufand times fafter than 
a canon-bullet fhot into the air. “Tis true, that according to the Prole- 

‘maic hypothefis, a fix’d ftar in the equator moves, at moft, but three femi- 
diameters of the earth in a fecond ; but, according to Ricciolus, this velocity 

is fifty times greater than in the Ptolemaic hypothefis; and threefcore and : 
ten times greater than in the Zychonian. For, according to him, fuch a fix’d 

ftar as we {peak of, moves 629,128 Englifh miles in a fecond. 

But farther, that portion of the univerfe, which, tho’ put into motion, is com- 
monly fuppofed to be at reft, is fo great, that, perhaps, the quantity of motion 
diftributed among feemingly quiefcent bodies, may exceed the quantity of mo- 
tion which the firft mover has communicated to the fix’d ftars; tho’ we fup-_ 
pofe them whirl’d about the earth with that ftupendous f{wiftnefs, the 


“infinite, all the parts of it would be 
*‘ nearly in aquilibrio; whence each fix’d 
“* ftar, being attracted by contrary powers, 
““ would keep its place, or move till from 
_ “fach an equilibrium it comes to reft. 
‘* “Tis no more abfurd, that the fix’d ftars 
** fhould exceed any given number, than 
“* that duration fhould be eternal, becaufe 
“no number of days or years can com- 
*‘ plete it. “Tis faid, I know, that if the 
“number of the fix’d ftars were more 
*“than finite, the whole furface of their 
“apparent {phere would be luminous. 
** But if we fuppofe all the fix’d ftars to 
** be as far from one another, as the near- 
** eft of them is from the fun; that is, if 
“we may fuppofe the fun to be one of 
‘them; at a greater diftance, their disks 


*‘ and light will be diminifh’d, and the 
‘** {pace to contain them increafed, in the 
“* proportion of the fquares: fothat in each 
“ {pherical furface the number of ftars it 
“* might contain, will be as the biquadrate 
“© of their diftances. If then, as it needs 
‘* muft, the diftances be immenfely great, 
“it will follow, that as the light of the 
“ fix’d ftars diminifhes, the intervals be- 
** tween them decreafe in a lefs propor- 
“tion; the one being as the diftances, 
‘¢ the other as the fquares thereof, reci- 
“‘ procally. And the more remote ftars 
“ are fofmall, that they muft vanifh, even 
“in the moft exquifite telefcopes ; as a 
“ fmall telefcopic ftar is invifible to the 
** naked eye,” Philof. Tranf. N° 364+ p-22» 
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Puysics. fyftems of Ptolemy and Tycho fuppofe. For the fix’d ftars, planets, or all — 
, the mundane globes, whether lucid or opake, together bear but a {mall 
proportion to the interftellar part of the univerfe. And tho’ I fhould al- 
low all thefe globes to be folid, yet it muft be confefs’d, that each of them 
{wims in a fluid of much greater extent than itfelf. So that the fluid por- 
tion of the univerfe will, in bulk, almoft incomparably exceed the folid. And 
if-we confider the nature of a fluid body, we fhall find it confift in having — 
its minute parts perpetually and varioufly moved; fo that tho’ the whole 
body of a liquor feems to be at reft, yet its component parts are in a perpe- 
tual motion ; continually fhifting places amongft themdelves. 

And becaufe the quantity of motion fhared by the corpufcles that com- 
pofe fluids, is not nual reflected on by philofophers ; I fhall add, that 
we may guefs how great and vehement a motion there may be in the parts 
of fluid bodies, perhaps, when the aggregates of thofe particles appear to 
be at reft, by obferving them when their ordinary motions happen to be 
difturb’d, or to be extraordinarily excited by fit conjunétures. of circum- _ 
ftances. ‘hus we fee the ftrange force and effects of boifterous winds and 
whirl-winds, which are but ftreams and whirl-pools of the invifible air, 
whofe fingly infenfible parts are by accidental caufes determined to have their 
motion made either in a ftrait line, or, as it were, about a common centre. 
Thus when a mine of gun-powder is fprung, the flame, or fome fubtile 
ethereal fubftance, that is always at hand in the air, tho’ both are fluids, 
and the powder perhaps be kindled but by one fpark of fire, inftantly 
exerts a moft rapid and furious motion. 

| The velocity of thefe difcharged flames may appear from that which 
: _gun-powder imprefles on a bullet, fhot out of a well-charg’d gun; and this — 
; i aa after feveral trials made to meafure it, defines to be about 450 
feet in a fecond. If, then, we admit the probable opinion of the Cartefians, — 
that the earth and planets are turn’d about their own axes by themotion of — 
the refpective ethereal vortices in which they {wim we fhail eafily grant, 
that the motion of the celeftial matter, which moves, for inftance, upon the — 
remote confines of the earth’s vortex, is by a vaft excefs more rapid than 
that of the furface of the earth. But if we chufe the Tychonic hypothefis, 
which makes the firmament, with all the vaft globes of light that adorn it, 
to move about their common centre in four and twenty hours, the motions — 
of the celeftial matter muft be allow’d a far greater, and indeed a {earce 
imaginable rapidity. : | 

Hence we may have more enlarg’d conceptions of the power and wifdom _ 
of the great Creator, who has both put fo wonderful a quantity of motion into 
the univerfal matter, maintains it therein, and is able, not only to fet bounds 
to the raging fea, but fo to curb and moderate thofe ftupendoufly rapid mo- 
tions of the mundane globes and intercurrent fluids, that neither the un- 
wieldinefs of their bulk, nor the celerity of their motions, have made them _ 
fly out, for many ages. And if the firmament itfelf, whofe. motion, in 
the vulgar hypothelis, is by much the moft rapid in the world, failof ex=- _ 
actly completing its revolution in four and twenty hours ; that retardation Be 1 
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fo regulated, that fince Hipparchus’s time, who lived above 2000 years ago, Puysics. 


the firft ftar in Aries, which was then near the beginning of it, is not yet UZ WNY 
come to the laft degree of that fign. | 

The wifdom of God is exprefs’d in two different manners. Sometimes Tie wifdom of 
it is fo manifeftly difplay’d in familiar objects, that even fuperficial {pecta- 64 differently 
tors may take notice of it. But there are many other things, wherein the a 
“ treafures of wifdom and knowledge” may be faid to lie deep. 

. The contrivance of every animal, and efpecially of a human body, is fo I* the various 
curious and exquifite, that tis almoft impoffible for any one, who has not oninal bodied 
feen a diflection well made, and anatomically confider’d, to conceive how 

much excellent workmanfhip is difplay’d in that.admirable engine. Nay, 

the meaneft living creatures of God’s making, are far more wifely con- 

trived, than the moft excellent pieces of workmanfhip that human heads 

and hands can boaft. No watch or clock is any way comparable, for ex-_ 
quifitenefs of mechanifm, to the body of an afs or a frog. 

But God’s wifdom is recommended, as well by the variety, and confe- 
quently the number of the kinds of living creatures, as by the fabric of each 
of them in particular. The skill: of human artifts is, for the moft part, 
limited to one, or to a few forts of contrivances ; whilft the great author 
of nature has not only created four principal forts of living engines, beatts, . 
birds, fifhes, and reptiles; which differ exceedingly from one another, as. 
the feveral regions, or ftages, where they were to act their parts, required 
they fhould ; but under each of thefe comprehenfive genus’s are com- 
priz’d many fubordinate fpecies of animals, which differ exceedingly from . 
others of the fame kind, according to the exigency of their particular na- 
tures; as the hog and the hare, the parrot and the batt, the whale and. 
the ftar-fith, Oc. : it . 

And what greatly enhances the excellent contrivances to be met. with 
in thefe automata, is the fymmetry of-all the various parts whereof each 
of them confifts. -For tho’ an animal, confider’d in his ftate of intirenefs, ~ 
is juftly look’d upon as one engine; yet, really, thiswhole machine is a | 
complex thing, made up of feveral parts, which, confider'd feparately, 
may pafs, each of them, fora fubordinate engine, excellently fitted for fome » 
particular ufe. It ought, therefore, highly to recommend the wifdom of | 
the creat “‘ former of all things,” that he has fo framed each particular part ~ 
of animals, as not to let the skill beftow’d on that, render the other lefs per- - 
feé&t: which manifefts, that this great artift had the whole fabric under his 
eye at once; and did, atone view, behold all that was beft tobe done, in | 
order to compleat the whole animal, and all its parts, at once: whilft many © 
excellent artificers, who can make:a fingle engine very compleat, may:not be 
able to make it a commodious part of an aggregate of engines. Thus, tho’ 
feyeral can make pendulum-clocks go very regularly on fhore, they cannot 
yet fit them to meafure time, exaCtly, in a fhip, at fea. 

But how much more wonderful than the ftruéture of the grown body, . 
muft be the contrivance of the Semen animatum; fince all the future parts, 
the functions, and many aCtions of the animal to be produced, sie ae 

urably . 
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Puysics. durably delineated, and couch’d in a little portion of matter, that feems 
LFV homogeneous, and is, unqueftionably, fluid? And what much increafes the 
_ wonder, is, that one of thefe latent impreffions, or powers, namely, the 
prolific, is to lie dormant, perhaps, above thirty or forty years, and then 

to be able to produce many more fuch engines, as is the animal itfelf. 
| 4» the mutual Another way whereby God manifefts his wifdom in his corporeal crea- 
| a, tures, is their mutual ufefulnefs to one another, in a relation either of de- 
each other. pendence, or co-ordination. ‘This ferviceablenefs may be confider’d, ei- 
ther as the parts of the animal have relation to one another, and to the 
whole body they make up ; or, as intire, and diftinét bodies, which have 
a regard to, or dependence on each other. To the firft fort of utility be- 
long the offices of the parts of the body, which fome of them exercife for 
the good of the whole ; as, the ftomach for concoéting the aliment ; the brain 


for {upplying animal {pirits ; the kidneys to feparate the fuperfluous ferum . 


of the blood. ‘There are, alfo, many other particular parts that have a 
great fubferviency to one another. And feveral confents of parts, and 
utilities, that accrue from one to the other, are farther difcovered by dif- 
_ eafes; which, primarily affecting one part, or member of the body, dif- 
} cover that another has a dependance on it, or a particular relation to it. 
 Tothe fecond kind of utility belong thofe parts that difcriminate the fexes 
of animals; which have fuch a relation one to another in the male, and the 
female, that “tis obvious they were made in order to propagate the fpecies. 
It were endlefs to obferve, the wifdom and goodnefs manifeft in the 
works of creation; the fituation of the fun, its motion in the ecliptic, 
trade-winds, {tated rains, Oc. with regard to the welfare of men, and 
other animals. Thus, too, we fee, that, according to the ufual courfe of na- 
ture, lambs, kids, Oc. are brought into the world at the {pring of the year, 
when tender grafs, and other nutritive plants, are provided for their food. 
The like may be obferved in the produétion of filk-worms, whofe eggs are 
hatch’d when mulberry-trees begin to bud; whereon thefe infeéts are to 
feed; the aliment being tender whilft the worms themfelves are fo ; and 
growing more ftrong and fubftantial, as the infects increafe in vigour and 
bulk. 
And io foming - T have hitherto taken notice only of the produétions of God’s power 
eet .and wifdom obferved in the vifible world. But, perhaps, as the fun, the 
fides ihe folar. neareft fixed ftar to us, has a whole fyftem of planets that move about him ; 
fo fome of the other fixed ftars may be centres of other fyftems of celeftial 
globes: fince we fee, that even fome planets, determined by aftronomers 
to be much inferior in bignefs to the fixed ftars, have other globes, that 
do, as it were, depend on them, and move about them; the earth has 
the moon for its attendant; Saturn is not unattended; and Jupiter has 


no lefs than four fatellites. But none of thefe fecondary planets, that 
move about Saturn and Fupiter, are vifible to the naked eye; and were, © 


therefore, unknown to the aftronomers who liv’d before the invention 
of telefcopes. Now, in cafe there are other mundane fyftems, befides 
this vifible one of ours; I. think it may be, probably, fuppofed, that 


God 
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God has given peculiar, and admirable inftances of his inexhaufted wift Puysrcs. 
dom in the contrivance and government of fyftems, that, for ought we LA YY 
know, may be framed and managed in a manner quite different from 
what is obferved in that part of the univerfe known to us. 

However, we need not fly to imaginary ultra-mundane fpaces, to be | 
convinced, that the effects of the power and wifdom of God are worthy of | . 
their caufes, and not adequately underftood by us; if, with fufficient at- 
tention, we confider that innumerable multitude, and unfpeakable variety 
of bodies, that make up this vaft univerfe. For there being among thefe, | : 
a ftupendous number, that may be juftly look’d upon as fo many diftinét ; 
engines, and many of them very complex; to know that all thefe, with the 
reft of the mundane matter, are every moment fuftain’d, guided, and go- : 
vernd, according to their refpeétive natures, and with an exact regard 
to the general laws of the univerfe ; to know that there is a Being, who, | 
every where, manages all things, without either aberration, or intermiffion ; | | 
isa thing, that if we attentively reflect on, ought to produce in us great ‘ 
wonder, and adoration. : 

The Epicureans of old did, with fome colour of reafon, urge againtt 
the belief of a divine providence, that ’tis incredible the gods fhould be / 
fufficient for fuch differing and diftraGing employments, as, according to 
the exigencies of nature, to make the fun to fhine in one place ; the rain to 
- fhower down in another; the winds to blow in a third; the lightning to 
flafh in a fourth; the thunder-bolts to fall in a fifth; and other bodies to 
act and fuffer, according to their refpeétive natures. We, therefore, who, 
upon good grounds, believe God really does what they thought impoffible, 
are much wanting i our duty, if we do not admire an all-pervading wif- 
dom, that reaches to the utmoft extent of the univerfe; and, with eafe, 4 
a€tually performs what thefe philofophers profefs’d they could not fo much. 
as conceive. | : 

We have feen God’s wifdom and power ii his corporeal works 3 but Sl greater ine 
fome of the divine perfeétions could not be fo well exprefs’d, or copied, "2ves,of Bower 


and wifdom, in 
upon corporeal creatures, as upon the rational and immaterial foul OL Oe ferevaries : 
man, and other intellectual Beings: as the picture of a plain fimple thing ef fe atetabe 
is not capable of receiving, or containing, fo much of an excellent painter’s Beings. 
skill, as he could exhibit in a piece wherein the paffions of the mind, and 
the laws of optics, Oc. may be fully exprefs’d. And it may well be 
prefumed, that if we were as familiarly acquainted with God’s incorpo~ 
_Yeal creatures, as with his vifible ones ; we fhould perceive, that as {pirits 
are incomparably more noble than bodies ;” {o the divine wifdom employ'd. 
in the government and conduct of them, is more glorious than that which 
we juftly admire in the conduct of his corporeal works. And, indeed, let 
a portion of matter be ever fo fine, and ever fo well contrived, it will 
not be more than an engine deftitute of underftanding and’ will; and 
whofe excellency, as well as its diftinGtion from other bodies, even the 
erofleft, and moft imperfect, can confift but in mechanical properties 3. 
which neither excite themfelves into motion, norregulate and ftop the mo- 
tion: 
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Puysics. tion they ofce are in: whereas, true fpirits, or immaterial fubftances, 
Lyra have, by God’s appointment, belonging to their nature, underftanding, . 
will, and an internal principle, both of ating, and of arbitrarily ceafing 
from action. And tho’ God, as the fole creator of all fubftances, has, and — 
may exercife, an abfolute dominion over all his creatures, as well imma- 
terial as corporeal; yet, fince he thinks fit to govern fpirits according to 
the nature he has given them ; to create {uch intellicent, free, and powerful 
Beings, as good and bad angels; and to govern them on fuch terms, as 
effectually to make them inftruments of his glory, which multitudes of 
them fubtily and obftinately oppofe ; requires a wifdom and providence 
tranfcending any that can be difplay’d in the formation and management 
of merely corporeal Beings. For inanimate engines may be. contrived, 
to act as we pleafe; whilft angels, and human fouls, are endow’d with a 
freedom of aéting, in moft cafes, as they pleafe themfelves. ’Iis far 
eafier for a watch-maker to regulate the motions of a watch, than the af- 
fections and actions of his fon. 3 
Angels, whether good or bad, are very intelligent and aétive Beings ; 
and each of them is endow’d with an intelleét capable of numberlefs no- 
tions, and degrees, or variations of knowledge; with a will capable of 
no lefs numerous acts; of having various influences upon the under- 
ftanding, and of being varioufly affected by the di€tates of it. So that each 
particular angel, being fucceffively capable of fo many differing moral ftates, 
may be look’d upon, as, in a manner, a diftinét {pecies of the intelleétual 
kind. And, the government of one demon, may be as difficult a work, 
and, confequently, may as much declare the wifdom and power of God, 
as the government of a whole fpecies of inanimate bodies, whofe nature 
determines them toa ftrict conformity to thofe primordial laws of motion, 
once fettled by the great creator ; and, from which, they have no wills of 
their own to make them fwerve. | 
The fcripture tells us, that, in the economy of man’s falvation, there is 
fo much of the “ manifold wifdom of God” exprefs’d, that the angels them- 
elves defire to pry into the myfteries of it. When our faviour, having told 
his apoftles, that the day and hour of his future coming was not then 
known to any, fubjoins, no not to the angels of heaven, he fufficiently 
intimates them to be endow’d with excellent knowledge, fuperior to that 
of men: which, perhaps, may be one of the reafons why the fcripture ftyles 
them “angels of light.” It alfo teaches us, that the good angels are vaftly 
numerous ; and that, as they are of differing orders, God affigns them 
very differing, and important employments, bothin heaven, and on earth ; 
and, fometimes, fuch as oblige them, in difcharge of their re{pective trufts, 
to endeavour the carrying on of interfering defigns.. The fame {cripture, 
by {peaking of the devil, and his angels, and of the “ great dragon, that 
drew down with his tail the third part of the ftars from heaven to earth;” 
and, by mentioning a whole legion of devils that poffeffed a fingle man, 
Oc. gives us ground to conclude, that there is a political government in 
the kingdom of darknefs ; that the monarch of it is exceeding powerful, 
; ; whence 
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whence he is ftyled the prince of this world ; and fome of his officers have 
the titles of principalities, powers, rulers of the darknefs of this world, Gc. 
that the fubjeéts of it are exceeding numerous; that they are defperate 
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enemies to God and men; that they are very falfe and crafty; and that 


their malice is active, reftlefs, and great. Thefe things being taught us 
in the feripture itfelf, we may rationally fuppofe, that if we were quick- 
fighted enough to difcern the methods of the divine wifdom in the govern- 
ment of the angelical, and of the diabolical worlds; we fhould be ravifh’d 
into admiration how fuch intelligent, free, powerful, and immortal agents, 
fhould, without violence offer’d to their natures, be made, in various man- 
ners, to confpire to fulfil the laws, or, at leaft, accomplifh the ends of that 
great theocracy, which not only reaches to all kinds of bodies, but com- 
prizes the whole creation, or the great aggregate of all the creatures of 
God. And, indeed, to make the voluntary, and, perhaps, the moft crafty 
actions of evil men, and of evil fpirits, fubfervient to his wife, and jutt 
ends, no lefs recommends the wifdom of God, than it would the skill of 
a pilot, to contrive and fteer a fhip, fo as to fail to the defigned port, not only 
with a fide-wind, but with one that was quite contrary, and tempeftuous. 


_ At that great decretory day, when the whole off-{pring of Adam fhall, ~ 


by the loud voice and trumpet of the arch-angel, be call’d together, from 
the remoteft ages and moft diftant climates in the world; when the fal’n 
angels, and all the human actors that ever lived, fhall appear upon the ftage 
at once; ““ when the dead fhall be raifed, ‘and the books fhall be open’d :” 
then the wifdom of God will fhine in its meridian luftre, and full {plendor ; 
and not only the occurrences which relate to the lives and aétions of par- 
ticular perfons, or of private families, and other lefs focieties of men, will 
be there found not to have been overlook’d by the divine providence ; but 
the fates of kingdoms and commonwealths, and the revolutions of nations 
and of empires, will appear to have been order’d and over-ruled by an in- 
comparable wifdom. And thofe great politicians, who thought to out-wit 
providence, by their refined fubtilties, fhall find themfelves “ taken in their 
own craftinefs ;” fhall have their deepeft “ counfels turn’d into foolifhnefs ;”” 
and not be able to keep the amazed world from difcovering, that whilft 
they thought they moft craftily purfw’d their own ends, they really accom- 
plifh’d thofe of God. And the fubtile hypocrites, who thought to make 
pretended religion the inftrument of their fecular defigns, fhall find thofe 
defigns defeated, and made truly fubfervient to that advancement of reli- 
gion, which they, in reality, never aim’d at. 

To employ, and keep in order, a very complicated engine, tho’ all the 
parts of it be inanimate, and deftitute of purpofes and ends of their own, 
is juftly counted a piece of skill. And this task is more difficult, and, 


confequently, recommends the conduct of the artift, in proportion to the . 


intricacy of the ftructure, and the number of pieces whereof the engine 
confifts. How aftonifhing, then, will appear that wifdom and providence, 
which is able to guide, and over-rule many thoufand millions of engines, 
endow’d with wills, fo as to make them all be found, in the final ifflue of 

Vor. Il... Na | things, 
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_Puysics. things, fubfervient to purpofes worthy of divine providence, holinefs, 


juttice, goodnefs ? 

In fhort, when all the ators fhall appear at once upon the ftage ; when 
all difguizes fhall be ftript off, all intrigues difcovered, all hearts and de- 
figns laid open; then to find, that this whole amazing opera, that has 
been acting upon the face of the earth, from the beginning to the end of 
time, has been fo contrived, and carried on, by the great author of the 


world, and of men, that their innumerably various actions, and crofs-de- _ 


figns, are brought to confpire to the accomplifhment of a plot worthy of 
God ; will appear an effect of fo vaft, and fo all-pervading a wifdom, that 
human intellects will with admiration confefs, nothing but a divine omni- 
{cience could compafs. : 


Great infiances In the redemption of mankind, more of the divine attributes, than are 


of wildom in the 
redemption of 


Wa, 


commonly taken notice of, have their diftinét agencies; and their co-ope- 
_Yation is fo admirably dire€ted by the divine wifdom, that an apoftle might 
very juftly call it the “ great myftery of godlinefs.”” 

But many divines have largely treated of this fubje@t; tho’ I doubt 
whether moft of them have not.been more happy in avoiding errors about 
it, than fuccefsful in unveiling the myfteries couch’d in it. There are, in 
the great work of man’s redemption, fome characters and footfteps of the 
divine wifdom fo confpicuous and refulzent, that a believer, of mean 
parts, may eafily difcern them. But there are alfo, in this fublime and 
comprehentive work, fome “ depths of God,” and fo much of “ the wifdom 


_ of God in a myftery,” that I cannot think it eafy to have a mental eye, fo 


enlighten'd, and fo piercing, as to. treat largély and worthily of fo vaft 
vand abftrufe a fubject. And, indeed, a man muft know much of the nature 
of {pirits in general, and even of the father of them, God himfelf ; of the 
intellect, will, Oc. of the foul of man; of the ftate of Adam in paradife, 
and of the influence of his fall upon his pofterity ; of the natural, or arbi- 
trary vindictive juftice of God; of the grounds, and ends of Ged’s in- 
flicting punifhments ; of the admirable, and unparallel’d perfon of Chritt ; 
of thole qualifications, and offices, that are required to fit him for being a 
‘redeemer; of the nature of covenants, and the conditions of thofe which God 
vouchfafed to make with man; of the divine decrees, with regard to man’s 
final flate ; of the fecret, and powerful operations of grace upon the mind, 
and the manner by which the Spirit of God works upon the fouls of men, 
which he converts, and brings, by fan@tification to glory ; in fhort, there 
are fo many points, moft of them of difficult {peculation, that are fit to 
be difcufs’d by him, who would folidly, and fully treat of the world’s re- 
demption by Chrift; that, when I reflect on them, I am ready to exclaim 
with St.Paul, “ who is fufficient for thefe things??? And, I am fo far 
from wondering, that the generality of divines, and other writers on this 
fubject, have not fully difplay’d the wifdom which God has exprefs‘d in this 
great work, that to have been able to accomplifh it in fo admirable a way, 
as God has. actually contrived, and made-choice of 3 Js one of the chief 
seafons of my admiration of the wifdom itfelf. And, I am perfuaded, 
: that 
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that for God to reconcile his inflexible juftice, his exuberant mercy, and Puysics, 
all thofe other attributes that feem’d to clafh, inevitably, about the defign’d LYN. 
falvation of men, and make them co-operate to it ; is a ftupendous mani- 
feftation of wifdom : there being no propofition in Diophantus, or Apollonius, 
in algebra, or in geometry, near fo difficult to be folv’d, or that requires 
a greater number of proportions and congruities, to be at once attended 
to, and made fubfervient to the fame ends ; as that great problem, pro- 
ounded by God’s infinite goodnefs, to his divine wifdom ; the redemption 
of loft and perverfe mankind, upon the terms declared in the gofpel: which 
are admirably fitted to promote, at once, God’s glory, and man’s felicity. ; 
We have here, and that very imperfectly, only {poke to two of God’s Theimmonfedif. 
attributes, his wifdom, and his power: tho’ there are many others tahietres Sener betcaten 
with we are acquainted ; and, perhaps, ftill more whereof we are igno- bis creatures. 
rant. Now, the natural and genuine refult of all thefe divine perfeétions, 
muft be a moft glorious majeity, that requires the moft lowly and proftrate 
veneration of all his intelligent works. And, accordingly, the angels, of 
all his mere creatures the moft excellent and knowing, are reprefented in 
the {cripture, as affiduoufly employing themfelves in obeying and ferving, 
in praifing and adoring the divine majefty, with the utmof lowlinefs and 
fubmiffion. 
This profound refpect of the angels, is not to be wonder’d at; fince, 
where efteem fprings not from ignorance, but knowledge ; the greater 
the ability and opportunities are of having the knowledge clear and 
heighten’d, the greater veneration muft be produced in an intelligent 
Being for the object admired ; whofe perfections are here fuch as even 
an angelical intelle¢t cannot fully reach: for, as a line, by being ever 
fo much extended in length, cannot grow a furface; fo neither can cre- 
ated perfections be, by any ideas, magnify’d into divine ones. And, in- 
deed, {peaking in general, the creatures are but fhadowy, and arbitrary 
pictures of the great creator ; of many of whofe perfeétions, tho’ theyhave — 
fome marks ; yet they are fuch, as rather give the intellect rife and occa- 
fion to take notice of, and contemplate the divine originals, than afford it 
true images of them. ‘The awful reverence paid to the fupreme Being by 
thofe excellent {pirits, who “are greater in power and might than we,” 
ought to admonifh us of the ecftatic refpect we owe him; and teach us, 
that whenever we {peak either to God, or of him, we ought to be in- 
_wardly affected with the unmeafurable diftance there is between a moft 
perfect and omnipotent creator, and a mere impotent creature. 
_ The diftance betwixt the infinite creator-and the creatures, which are The fuperiority 
but the limited and arbitrary produétions of his power and will, is fo vaft, ihe Bas. 
that all the divine attributes, or perfections, by unmeafurable intervals that of mam 
tranfcend thofe faint refemblances of them, that he has been pleafed to 
imprefs, either upon other creatures, or upon men. Ged’s nature is fo 
peculiar and excellent, that there are qualities, which, tho’ high virtues in 
men, cannot belong to God, or be afcribed to him without derogation. Nay, 
there are fome virtues that belong to man himfelf only in his mortal ftate. 
i he Bag 
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Puysics. But, whatever excellencies there be, that are fimply and abfolutely fuch, 
\AY™ and fo may, without difparagement to his matchlefs nature, be afcribed to 
God, we may be fure that he poflefles them; fince he is the original au- 
thor of all the degrees, or refemblances, we men have of any of them. 
The pfalmift’s reafoning is good. “ He that planted the ear, fhall he not 
“hear? He that formed the eye, fhall not he fee? He that teacheth 
“ man knowledge, fhall not he know ?” Since all the perfe€tions*communi- 
cated to, or to be found in the creatures, being emanations of the divine 
excellencies, belong as much to God, as, in a bright day, all the luminous 
rays found in the air, belong to the fun. ‘The vaft difterence, then, be- 
tween the perfections of the great creator, and thofe that are analogous to 
them in the creatures, reaches to all the perfections to be found in both: ~ 
but the human underftanding, as it values itfelf upon nothing more than 
wifdom and knowledge ; fo there is nothing that it efteems, and re- 
verences, more in other Beings, and is lefs willing to acknowledge itfelf fur- 
afs‘din, than thefe. Now, ’tis certain, that God knows innumerable things, 
with which we are altogether unacquainted: he cannot but know all the 
creatures he has made, whether vifible or invifible, corporeal or immate- 
rial; and what he has enabled them to do. Nay, fince he cannot but know 
the extent of his own infinite power, he cannot but know numberlefs. 
things, as poffible, that he has not yet made, or, perhaps, ever will make. 
He, alfo, knows thofe things whereof we men have fome knowledge, in a 
manner, or degree, peculiar to himfelf. As, what we know but in part, 
he knows fully ; what we know but dimly, he knows clearly ; and what 
|, we know but by fallible mediums, he knows moft certainly. 

But the great prerogative of God’s knowledge, is, that he perfectly 
knows himfelf ; that knowledge being not only too wonderful for man, 
but beyond the reach of an angelical intelle€t: fince, fully to comprehend 
the infinite nature of God, no lefs than an infinite underftanding is requi- 
fite. And for the works of God, even in thofe that are purely corporeal, 
our knowledge is. incomparably inferior to his. For tho’ fome modern 
philofophers have made ingenious attempts to explain the nature of things 
corporeal; yet their explanations generally fuppofe the prefent fabric of 
the world, and the laws of motion fettled in it. But God knows, parti- 
cularly, both why, and how the univerfal matter was firft contrived into 
this admirable univerfe, rather than a world of any other of the number- 
lefs conftruétions he could have given it; and both why thofe laws of mo- 
tion, rather than others, were eftablifhed; and how fenfelefs matter, to 
whofe nature motion does not at all belong, comes to be put into motion, 
and qualify’d to transfer it, according to determinate rules, which itfelf 
cannot underftand. But when wecome to confider the particular, and 
more elaborate works of nature; fuch as the feeds, or eggs, of living 
creatures, Oc. the ingenuous confe{s, and the confident betray their igno- 
rance. “Tis likely, that we men know ourfelves better than what is with- — 
out us: yet how ignorant we are at home, if the endlefs difputes of Avi- 
ftotle, and his commentators, about the human foul, and. of phyficians and 

anatomilts, 
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anatomifts, about the mechanifm of the human body, were not fufficient to Puysicy.. 


manifeft, *twere eafy to fhew, by the very conditions of the union of the 
foul and body: which, being fettled, at firft, by God’s arbitrary inititution; 
and. having nothing in all nature parallel to them; the manner and terms 
of that ftrange union, is a riddle to philofophers; but muft needs be clearly 
known to him who alone inftituted it, and preferves it. There are feveral 
advantages of the divine knowledge, above that of man. For, we can 
perceive, and fufficiently attend but to few things at once ; but God’s 
knowledge reaches, at once, to all that he can know; his penetrating eyes 
pierce quite thorough the whole creation at one glance; and “ there is no 
* creature that 1s not maniteft in his fight.” _ He always fees incompa- 
rably more objects at one view, than the fun himfelf, endued with fight, 
could do. For'God beholds, at once, all that every one of his creatures, 


in the vaft univerfe, either does or thinks. The knowledge of God is, | 


alfo, not a progreffive, or difcurfive thing, like that acquir’d by our rea- 
foning; but an intuitive knowledge. Men, by reafon of the limitednefs. :/ 


and imperfeCtions of their underftandings, are obliged to make the notice. - 


they have of one thing, a ftep and help to acquire that of another, lefs 


known: but God, whofe knowledge, as well as his other attributes, is 


infinitely perfect, knows every thing in itfelf ; and, all things being equally 
known to him, he can, by looking into himfelf, there fee every thing that 


is knowable, moft diftin@ly, yet all at once. But, further, God knows the 


moft fecret thoughts and intentions of men; whence: he is call’d the 
“ fearcher of all hearts;’’ nay, he knows mens “‘ thoughts afar off.’ And, 


by the way, how imperfectly muft mere philofophers know God, fince ~ 


they know him but by his works; and know his works themfelves but 
very imperfectly? Another confpicuous prerogative of the divine know- 
ledge, is the prefcience of future contingencies, that depend upon the de- 
terminations and actions of free agents. For we men are fo far from being 


able to ftretch our knowledge to the difcovery of fuch events, that the - 


greateft {cholars in vain have try’d to difcover how God himfelf can fore- 


know them; and, therefore, too many, even among chriftians, deny that 


he can; tho’ by feveral accomplifh’d predictions) recorded in fcripture, it. 


manifeftly appears, that he does. 


When I confider the tranicendent excellency, and the numerous prero- on sah ue 
#2 are Hnaer 


gatives of the Deity, I cannot without wonder and concern obferve, that to venersie, and 
rational men, profeffing chriftianity, fhould wilfully neglect to acquire, or “emplate God, 


reflect on, thofe notices that are apt to increafe their knowledge of God, 
and confequently their veneration for him.. To afpire to a farther know- 


ledge of God, that we may the better adore him, isa great part both of © 


man’s duty and his happinefs. God, who has put into men an innate de- 
fire of knowledge, and a faculty to diftinguifh the degrees of excellency in 
different notices; and to relifh thofe moit, that beft deferve it; and has 
made it his duty to fearch and inquire after God, and to love him above all 
things ; would not have done this, if he had not known that thofe who 


make a right ufe of their faculties, muft find him to be the nobleft. object 


of 
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of the underftanding ; and that which moft merits their wonder and vene- 
ration. And, indeed, what can be more fuitable to a rational creature, 
than to employ reafon to contemplate that divine Being, who is both the 
author of its reafon, and the nobleft object, about which it can poffibly be 
employ’d? The knowledge of fome dead language, or fome old rufty 
medal, or the opinions and cuftoms of fome nations or fects, that did not, 
perhaps, reafon or live any better than we do now, are thought worthy of 
curiofity, and even of the laborious induftry of learned men; and the ftudy 
of things merely corporeal, gains men the honourable title of philofophers. 
But whatever thefe objects of inquiry be, in chemfelves, ’tis certain the 
greateft difcoveries we can make of them, are but trifles, in comparifon 


of the excellency of the knowledge of God; which as much furpafles 


that of his works, as he himfelf does them. And’tis the prerogative of 
his nature, to be infinitely above all that he has made; whether we con- 
template the works of nature, or thofe of art ; the former whereof are 
under another name, his more immediate works; and the cthers, the 
effects of one of his works ; and, by confequence, originally his. And tho’ 
it be moft true, that God has been pleafed to ftamp on the corporeal world 


duch imprefles of his power, wifdom, and goodnefs, as have juftly exacted 


the admiration even of philofophers ; yet the great author of the world is, 
himfelf, incomparably fuperior to all his workmanfhip: fo that, tho’ he 


could have made, and always will be able to make, creatures more per- 


fe& than thofe he has made, by infinite degrees; yet the prerogative 
of his nature will keep him, neceflarily, fuperior to the moft excellent 
creatures he can make; fince the very condition of a creature hinders it 
from being felf-exiftent and independent. *Tis therefore, methinks, a fad 
thing, that we men fhould grudge to {pend now and then a few hours in 
the contemplation and internal worfhip of that moft glorious and perfect 
Being, who continually employs the devotion of angels themfelves. 

I know ‘tis fuppofed a dangerous thing, to be inquifitive about the na- 
ture of God. But the fecret things of God, which are to be left to him- 


felf, feem to be his unrevealed purpofes and decrees, and his moft abftrufe 


efience or fubftance; the {crutiny whereof, I readily acknowledge not to 
belong tous. And I think there is a great difference between contemplating 
God out of a bold curiofity, merely to know fomewhat that is not common 
of him; and doing it out of an humble defire, by a farther knowledge, to 
heighten our reverence and devotion towards him. “Tis an effect of arro- 
gance to endeavour, or fo much as hope, to comprehend the divine per- 
fe€tions, fo as to leave nothing in them unknown ; but to afpire to know 
them farther, that they may proportionably appear more admirable and 
lovely in our eyes, is not only an excufable, but a laudable curiofity.. The 
{cripture, in one place, exhorts us “ to grow”’ not only “ in grace,” but “ in 
the knowledge of Chrift ;”’ and in another, “ to add to our virtue know- 
ledge.” And that we may afpire to great degrees of knowledge, even as 
to thofe fupernatural objects we cannot adequately know, appears from 
St. Paul, who prays that his Ephefians, and all true chriftians, may be able 
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to comprehend what is “ the breadth, and length, and depth, and height, Puysics. 


and to know the love of Chrift, which, fays he, paffeth knowledge.” Sup- UWRY 
pofing it then lawful to contemplate God, not with defign to pry into his 
decrees and purpofes, nor to dogmatize in controverted points about his na- 
ture and attributes ; but to excite in ourfelves the fentiments which his in- 
difputable perfections are, bya more attentive view, qualified to produce; 
I take the devout contemplation of God, befides other great advantages 
that it brings the mind, to be one of the moft delightful exercifes the foul 
is capable of, on this fide heaven. °’Tis generally acknowledg’d, that ad- 
miration is one of the moft pleafing affections of the mind; which fome- 
times, when the object deferves it, is fo poflefs’d thereby, as to forget all 
other things, or leave them unregarded. ‘Now, the pleafure that admira- 
tion gives, being ufually proportionate to the uncommon nature and en- 
dearing circumftances of the thing admired ; how can any admiration afford 
fuch a contentment, as that which has God himfelf for its object? The 
wonder produced in us by an humble and attentive contemplation of God, 
has two principal advantages, above the admiration we have for any of 
his works, or of our own. For, firft, when we admire corporeal things, 
how noble and precious foever, the contentment that accompanies our won- 
der, is allay’d by a kind of fecret reproach, grounded on that very wonder ; 
fince it argues a great imperfection in our underftandings, to be un- 
acquainted with things that are but creatures, as well.as we; and, what 
is worfe, of a nature’ much inferior to ours: whilft ’tis no difparagement,. 
for a human intellect to be poffefs’d with wonder, tho’ heighten’d to amaze- 
ment, or aftonifhment, by the contemplation of that moft glorious and in- 
finitely perfect Being, who muft neceflarily exceed the adequate compre-- 
henfion of any created intelleét. But there is a farther and much greater 
advantage of the admiration of God, above that of other things ; for other 
objects having a bounded nature, and commonly but one thing to deferve: 
our wonder, our admiration of them is feldom lafting ; and after a little fa-. 
miliarity, firft languifhes, and then ceafes: but God is an object fo very { 
fingular, whofe perfections are fo immenfe, that no diligence of confidering 
him, can make him ceafe to be admirable ; and the more we know of him, 
the more reafon we find to admire him. So that there may here bea perpe-- 
tual viciffitude of our happy acquirements of farther degrees of knowledge, 
and our eager defires of new ones. God is fo fertile an object, that we need 
not fear our admiration of him fhould expire, for want of variety to keep 
itup. ‘To the wonderful excellence of God, may be juftly applied what 
Ariftorle laysdown asa definition of Infinite; viz. “ "tis that, of which how 
-much foever one takes, there {till remains more to be taken.”’ If the intel- 
le€t fhould for ever make a farther progrefs in the knowledge of the won- 
ders of the divine nature, attributes, and difpenfations ; yet it may ftill . 
make difcoveries of frefh things worthy to be admired: as in an infinite - 
feries, or row of afcending numbers, tho’ you may ftill advance higher and. 
higher ; yet all that you can do by that progrefs, is to go farther and far-- 
ther from the firft term of the progreffion, without ever reaching, or fo. 
much as approaching to an infinite number... Nu- 


ap 
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- Puysics. . ‘Numerous other arguments might be brought, to fhew the immenfe in- 
LAYS feriority of man’s intellect to God. . 
“The mame «A think, then, that it becomes us to ufe an awful circum{pection ; not only 
sgn thisist0 «hen we make philofophical inquiries about God, that is, when we prefume 
. to difcourfe of him ; but when we folemnly defign to praife him ; for, ’tis 
one thing to fay true things, and another to fay things worthy of God. 
Our ideas of him, may be the beft we are able to frame, and yet may 
far better exprefs the greatnefs of our veneration for him, than the im- 
menfity of his perfeétion ; and, even thofe notions that may be worthy 
of the moft intelligent of men, will fall extremely fhort of being worthy 
of the incomprehenfible God. ‘The brighteft and leaft unlike idea we can 
frame of God, is infinitely more inferior, with regard to him, than a 
parhelion is with regard to the fun. Hehas not, in my opinion, the tru- 
eft veneration for God, who can fet out his excellencies, and preroga- 
tives, in the moft high and pompous expreffions ; but he who, willingly, has 
‘adeep and real fenfe of the unmeafurable inferiority of himfelf, and his 
beft ideas, to the unbounded and unparallel’d perfeétions of his maker. 
And, as even our hymns and praifes of the fupreme Being, deferve our 
blufhes, and need his pardon ; what confufion will, one day, cover the fa- 
ces of thofe, who not only fpeak flightly and carelefly, but often, con- 
temptuoufly, of that fupreme, and infinitely perfe& Being, to whom they 
owe thofe very faculties which they fo ungratefully, and impiouily mif- 
_imploy? Indeed, fuch tranfcendent excellencies, as are the divine, might 
juftly difcourage us from offering fo much as to celebrate them, if infinite 
goodnef{s. were not one of them. I fhall not, therefore, allow myfelf the 
prefumption of pretending to make a panegyric of God; but, content 
my felt with an humble adoration of thofe perfe€tions, whereof my ut- 
moft praifes would rather exprefs my own weaknefs, than their excel- 
ence ; fince, of this ineffable objeét the higheft things that can be ex-_ 
prefled in words, muft fall fhort ; for words cannot exprefs him 
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TATICS is that part of univerf{al mechanics, which con- 
. ty fiders the gravity of bodies, iz all forts of mediums ; tho’ 


"tis, fometimes, taken for the fame as particular mecha- 


nics, or the dottrine of motion in bodies, which depends upon 
their gravity. But, hydroftatics, in general, regards the weight 
of bodies in all manner of fluids; and, therefore, differs but 
Uittle from fiatics, unlef[s when bodies are weighed in vacuo ; 
or, where there is 20 fenfible refiftance. There is, aifo, a more 
limited fignification of the word, hydroftatics; which reftrains 
it, as its derivation implies, to the weighing of bodies in wa- 
ter; and’ tis bydroftatics in this fenfe, wherewith we are bere 


principally concern’d: a dottrine which, before Mr. Boyle uz- 


dertook to improve it, confified chiefly in theory and {peculation ; 
baving only been treated by mere mathematicians: but, that 
noble philofopher foon reduced it to prattice, and applied it 
to ufeful purpofes. Some of its 5 aan Sa formerly demonftra- 


ted in a mathematical manner, be proved by the direét, ob 
vious way of experiment; that is, by the proper way, or hy- 


droftatically. He, allo, made many new difcoveries in this 
part of knowledge, which are highly ufeful ix life, and teach us 
to examine the goodnefs of drugs, of metals, minerals, and other 
bodies, both folid and fluid. 

The firft of the following pieces appears under the title of 


paradoxes ; and, truly, the propofitions it contains, were para- 


doxes, even to fome mathematicians, at the time wherein they 
were publifhed. Nor is this ftrange, fince, as the learned 
‘Wolfius obferves, many perfons taking gravity for a permanent 


power in matter, which muft remain unalter’d, fo long as it 


 bontinues its flate; and fuppofing fluids, whilft confin'd, aud 
| Oo2 a 


284, 


: P REP REA CE. ea 
at refi, wholly unable to akt upon bodies ; no reafon appears to 
them, why they should, as it were, take away a part of the 
gravity of the bodies immerfed in them; and, much lefs, why 
they fhould, fometimes, throw them upwards with a great 
force. This was remarkably the cafe with that great {cholar, 
Dr. More; who, to folve {uch an appearance, would fain have 
introduced a new, and an immaterial principle into phyfics. 
And this gave birth to another of the enfuing pieces; which, 
tho it alfo relates to fome experiments, that appear under 
the bead of pneumatics, we thought fit tovrange intire, under 
this of ftatics ; becaufe, in firittnefs, tis wholly hydrofta- 
tical; taking that term in its larger fenfe ; becaufe we 
would not break in upow the order of the pneumatical pieces; 
and, lafily, becaufe hydroftatics ought, always, to precede pueu- 
matics ; fince the latter cannot be underftood without a kuow- 
ledge of the former. | | 
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Hydroftatical Paradoxes, 
Proved and Illuftrated by 


Ex PRR YEMEN FS. 


POSTULATA, & LEMMATA. | 
I. ee a tube, open at both ends, held, with one of. them, per- 


pendicularly, under water ; the lower orifice may be conceiv'd to 
terminate in a plain parallel to the horizon, or the upper furface: 
of the fluid. 
2. All affignable equal portions of this furface, will be equally preffed, 
by the water perpendicularly incumbent theregn. es 
For the fluid being here fuppofed homogeneous, as to its gravity, and 
to ftand, at the fame height, upon all the parts of the imaginary plain ; no 
Na part can poffibly be more preffed than another, inthe fame fur- 
ace, : 
3. If any part of this imaginary plain, be preffed with a greater weight, 
than another, the former will be either difplaced, or deprefled. | 
Thus, whilft an heavy.body finks in water, that part of the imagi- 
nary plain, contiguous to the lower part of the body, being prefled by a 
greater weight than the other portion of the fame furface, mutt needs. 
give way, fucceffively, till the heavy body arrives at the bottom. 
4. On the other hand, if any part of the imaginary furface be lefs 
prefled upon than the remainder, it will, by the weight onthe temain-— 
der, be impell'd upwards, till the preffure there be equal to that upon» 
the other parts of the fame furface. | | 
If this be doubted, the following experiment will prove it.. If a cy- 


lindrical glafs tube, open at both ends, be fteadily held in a-perpendicu- 


lar pofture, with one of them immerfed, two or threeSnches below the fur- 
face of a proper quantity of water, ina glafs veflel;, the furface of the 
water within-fide the tube, will be nearly level with the furface that is 
without-fide the fame’; becaufe the water, in both cafes, has a free com- 
munication, - t 
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‘Tf, now, a convenient quantity of oil, be gently pour’d upon the water 


that is external to the tube, that within the tube, which we fhall cali 


internal, will gradually rife, and continue to do fo proportionably ; be- 


‘caufe the imaginary plain, «cutting the immerfed orifice of the tube, is 
every where prefled by an additional weight, except in the orifice it- 
felf : which preflure muft ‘neceflarily be increas‘d,, as more oil is pour’d 


upon the external water ; whilft a circle of our imaginary plain, equal to 


immediate weight of the oil; whence the external water, being more 
prefied than the internal, is, confequently, forced up thro’ the tube, where 


there is the leaft refiftance, till the cylinder of water within. the tube, 


gravitates upon the fubjacent part of the imaginary plain, equally with 
the fum of the water and oil, upon every other equal portion of the 
fame furface. : | 
‘5. Lhe air is a ponderous body. 
‘This -has been fhewn by feveral experiments; fome whereof, indeed, 


‘are ‘excepted to; but the following is unexceptionable, and was often re-j _ 


peated. ete | ao 
Having obtain’d a thin, and large glafs bubble, with a flender ftem, 
and gradually rarified the air it contain’d, as much as I conveniently 


‘could, by the flame of the lamp, whereat the bubble was blown ; the 


ftem, whilft the bubble remain’d exceeding hot, being nimbly put into the 


flame, thereby became hermetically fealed, in an inftant. . This glafs we 


j 


the lower annulus of the tube, is, by the fides thereof, suarded from the . 


4 


x 
: 


permitted tocool leifurely, and afterwards weigh’d icin a very exaét ba~ _ 


dance ; then carefully breaking off the fealed end, and preferving the frag- 
ments, we weigh’d the glafs again, and found it confiderably heavier 
than before ; which could be owing to nothing but the natural air, chat 


rufhed into the bubble, upon breaking off its ftem, whilft it contain’d air — 


greatly expanded. For, the noife hereof, in entring, may be plainly heard 
by an attentive ear; and, as the rarifaétion is here great, fo the bub-~ 
bles will fometimes break, by the bare force of the external air ; and, laft- 
ly, if the fealed end ‘of the glafs be broke off, under water, that fluid will, 


by the preffure of the atmofphere, be forced into the bubble, like an 
artificial fountain, tillit be about three quarters full: whence the weight 
of the air appears to bé very confiderable ; fince the fourth part of what 


the bubble would contain, remains therein not taken notice of by the ba- 


Jance. In one repetition of this experiment, I found the air freth ad- 


mitted into the bubble, weighed near + of a grain, and its full content of — 


water 906 grains ; whence, if the re-admitted air only filled + of the. 


bubble, the whole air it contain'd, may be reafonably fuppofed at a grain. 


And thus the water weigh’d about goo times as much as the air of the — 
‘bubble ; which, all things confider’d, comes near enough to fome other — 


trials, whereby we determin‘d the fpecific gravity of air, to be to that of 


water, aS I to 1000, 
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PARADOX IL 


In all fluids, the upper parts gravitate on the lower. 
Suppofe one end of a fmall, cylindrical, open glafs tube, plunged in- 


to oil of turpentine, and that liquor to be raifed, by fuétion, to a con- 


venient height therein ; when the lips being removed, and the upper ori- 
fice of the tube nimbly ftopp’d with the finger, to prevent the fluid from 
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falling back, imagine it thus placed perpendicularly in the glafs ABCD Fe. 2. 


almoft fill’d with water, fo that the furface of the oil may ftand fome- 


what higher than that of the water. ‘This done, and the finger removed. 


from the upper orifice of the tube, the oil will not fall out at the lower, 


but remain fufpended near its former altitude. Butoil of turpentine, . 


being an heavy fluid, has a tendency downwards ; and as the lower ori- 
fice of the tube is open, it muft neceffarily fall out thereat, did not the 


preflure of the water underneath fuftain it. No contrariety in the na-. 
ture of thefe two liquors, can be fuppofed the caufe of this phenome-- 
non; for, if the finger be removed, before the pipe is fufficiently immer-- 
fed, the oil will fubfide till ic becomes a balance to the water ; but the: 
reafon of it is manifeftly this. Suppofe the plain wherein the extremity Q, - 


of the pipe PQ, refts, to be GH; if that part thereof whereon the oil 
refts atQ, be equally prefled by the incumbent cylinder of oil Q X, with 
the other parts of the fame furface GH, by the water incumbent upon 


them; the part Q, can neither be depreffed by the cylinder of oil Q X,. 
nor raifed by an equal preflure of water upon the other parts of the plain. 


GH. That this equilibrium, betwixt the oil and water, is juftly af- 
fign’d for the caufe of the phenomenon, appears farther, 1. From whatis 


already obferved, viz. thatif the cylinder of oil reach much higher than the - 
furface of the water, the oil will defcend : the reafon whereof is, that the. 


plainGH, being more charged at Q, than in any other part, it is there 


unable to make refiftance ; whence it muft neceflarily be thruft out of its. . 


place, by the defcending oil. 2.Becaufe the oil will continue fubfiding 


only till its furface becomes almoft level with that of the water ; when the - 
part Q, is prefled by the oil, equally with the other parts of the plain - 
GH, by the water incumbent on them. 3. If, while the oil and water 
_ are balanced, the-pipe be gently raifed from Q to S, the oil will prepon- ‘ 
derate, and confequently fall out in drops, which by the fuperior fpecific - 


“gravity of the water, will be buoy’d up, and fo float on the furface thereof ; 


and as the pipe is gradually elevated towards the furface LM, more and. 


more of the oil will drop out: but if the tube be ftop’d any where in its 


afcent, atS, for inftance, the oil will ceafe to flow out: and, as at the 


plain IK, the preffure of the water, by reafon of its diminifh’d depth LI, - 
upon the other parts of the furface, is not near fo great, as upon the - 
plain GH; fo the remaining cylinder of oilincumbent on S, is, by reafon’. 


of its proportionable efflux, unable to prefs that part more forcibly than 


the others of the fame plain I K, are prefs’d by the incumbent water. And,.. 
if the lower orifice be raifed almoft to V, or near the upper furface of the. 
| water | 
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water LM, fearce any-cil, for the fame reafon, will remain in the pipe — 
TV. 4. But if, when the end of the tube ‘refts in the plain GH, where | 
the oil is a balance for the water, it be let down to O,: the external water — 
will caufe the oil to afcend ‘in the tube, the height of EG; fo that the — 
pipe will contain, befides a cylinder of oil « W, a fhorter one of water — 
2 © ; for, now a new plain E F,-cuts the lower orifice of the tube, whilft 
that part of it at‘O, being, by the incumbent oil, prefled lefs than the — 
others, by the incumbent water, the oil will be buoy’d up, till the water — 
Oa, and the cylinder-of oil « W, taken together, gravitate asmuch upon ~ 
‘O, asthe reft of the incumbent water does upon the other equal parts of — 
the fame plain EF. Since, then, the oil, in this:cafe, may be kept fuf- 
pended ‘at any point, under water, asat Q, being there in an equilibrium _ 
with the external fluid ; fince, when elevated, as from Q toS, it falls by 
its own gravity ; and, fince the deeper it is plunged, the greater weight 
and. eine are required in the cylinder of oil, to balance the preffure of — 
the water ; it follows, that the parts of the water incumbent on the plain — 
GH, prefs that furface more than the plainI K, is prefled by the parts of 
the water contiguous to it; and confequently, that all the parts of 
the water which lie under the upper furface, are prefled by thofe which — 
ftand direétly over them ; as the upper parts of the oil prefs’d down the 
Jower, whilft the pipe was drawn up from Q toS; fo that the oil fow’d © 
-out at the orifice S : for fince the lower parts of a liquor prefs proportio= 
nably to the height of the fluid, they muft neceflarily derive their force ~ 
from the incumbent parts, which, confequently, gravitate upon them. i 
“A glafs bubble, about the bignefs ofa pullet’s egg, was purpofely blown — 
at the flame of a lamp, with a long ftem turn’d up at the end, that it might _ 
be the more conveniently broken off. ‘This bubble being well heated, to — 
rarify the air, and thereby drive out a large part of it, was prefently feal- 
ed at the-end ; and, by the help of the figure of the ftem, was, by a conve= — 
nient piece of lead, funk. under water, the weight and glafs being tied by — 
-a flying to one feale of a good balance, in the other whereof was placed a — 
“counterpoife to the bubble, as it hung freely in the midft of the water. 
Then, with a pair of forceps, I carefully broke off the fealed end of the — 
bubble, under ‘water, fo that no airappear’d to emerge, or efcape thro’ the 
water ; but the Hquor, by the weight of the atmofphere, fprung into the — 
empty part of the bubble, and about half filfd the whole cavity ; where-"— 
upon the bubble immediately fubfided, and made the fcale, whereto “twas — 
faften’d, require 4 drams, and 38 grains, to bring it horizontal. - "Then 
taking out the bubble, with the water it contain’d, we, by means of the 
“flame of a candle, warily applied, drove out the water, which, otherwife, 
is not eafily excluded at a very narrow ftem, into a glafs counterpois’d 
before-hand, and found it to weigh about 4 drams, and 30 grains, be- ~ 
fides a little that remain’d in the bubble, and. a fmall matter that might ~ 
have been rarify’d into vapour; which, added to the piece of glafs, broken © 
otf under water, and loft there, might very well amount to7 or 8 grains. — 
By which it appears, not only, that water has fome weight, orgravitates in | 
om : water, 
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water, but that it weighs very near, or altogether as much in water , as Sratrcs, 
in the air. We repeated the experiment with another fealed bubble as 
large as a great hen-egg, and with the like fuccefs. 


ORs OT, dae Raid 


From hence it appears, why the furface X, of the oil in the pipe PQ, 
rifes a little above the level LM, of the external water. The flendernef{s 
of the pipe may, indeed, contribute hereto; but there would, otherwife, 
be an inequality. For, fince oil of turpentine is {pecifically, that is, bulk 
for bulk, lighter than water ; and fince an equilibrium between them is here 
conftantly obferv’d ; the height of the oil incumbent upon Q; muft, of ne- 
ceflity, be greater than that of the water incumbent on the other parts of 
the fame plain GH, to make the preflure on both fides equal. And were 
the difference between the {pecific gravities of thefe two liquors greater, 
the difference in the heights of their furfaces X and LM, would be greater 
allo; as may be try’d, by fubftituting oil of tartar per deliquium, a heavy 


faline liquor, for water. | 
$C HOLT A. 


1. What we have here faid, or fhall hereafter fay, of the properties cf 
water, 1s applicable to all ponderous fluids, unlefs where caufe of excep- 
tion appears in particular cafes. 

2. Iwas before hinted, that in very {mall glafs pipes, many fluids ‘(E 
except quick-filver) will appear with their furfaces higher than that of the 
liquor wherein they are immerfed ; and that, as far as I have obferv’d, in 
proportion to the {mallnefs of the bore: but this being of {mall confequence 
in our prefent experiments, we fhall take no farther notice thereof. 

3. Notwithftanding this inconvenience of {mall tubes, we chufe to make 
ufe thereof; becaufe thofe of a wider bore are apt, upon any fmall inequa- 
lities of preffure, to fuffer the oil and water to pafs by each other in their 
cavity, and fo difturb the experiment. 3 

4. Common oil and water, or any two liquors that will not mix, may 
ferve in moft of our experiments. I made choice of oil of turpentine, be- 
caufe ‘tis light, thin, clear, colourlefs, eafily obtainable, not apt to {pot 
apparel, or greatly to adhere to porous bodies; and its offenfive fcent is 
eafily corrected by oil of rhodium, @c. 

s- Oil of turpentine will corrode copper, whence by digefting it upon 
the crude filings of that metal, a deep green liquor is obtainable; which 
ufed inftead of the colourlefs oil, will render the diftinétion of the fluids 
more con{picuous. : 

6. For the fame purpofe, I frequently employ a decoction of brazil, log- 
“wood, or the common red ink; which muft be made very ftrong and.deep, — 
otherwife their colour in a flender pipe will be fcarce difcernible. 

7. Asto the fhape of the glafs-veflel, we need not be folicitous, tho’ that 
of a wide-mouth’d jar be for fome ufes the moft convenient. The depth 
hereof, and the length of the tubes muft be determin’d by the experiments 


to be made. 
Vot. IL Pp | 8. It 


290 Hydroftatical Paradoxes. 
Sratics. 8. It ought tobe no difcouragement, if the oil of turpentine fuck’d up, 
AW do not remain in the glafs, upon the firft or fecond attempt; ’tis beft to 
draw up more than is neceflary, and afterwards to let in the air gradually 
between the orifice of the tube and the finger; which will fuffer the liquor 
to defcend to the height required. 

9. Where a confiderable difference is required between the two fluids 
made ufe of, oil of tartar per deliquium, as we faid, tinged with ccchineal, 
may fupply the place of water, and highly reétified fpirit of wine that of 
oil of turpentine: for thefe two liquors, tho’ they readily unite with water, 
will not eafily mix with each other. Or a very ftrong filtred folution of 
fea-falt, may be fubftituted for water, occafionally. I have fometimes 
added oj of turpentine to fpirit of wine and oil of tartar, and thereby ob- 
tain’d three liquors of different gravities, which will not eafily mix; by 
plunging a pipe, with water in the bottom of it, below the furface of the 
loweft of thefe liquors, and raifing and wa Ere it in a proper manner, 
the experiment may be agreeably varied ; but ftill continue explicable by 
the principles we deliver. 

1o. [his propofition has been thought liable to the following objeétions. 
1. If the upper parts of water gravitate upon the lower, the latter muft be 
more denfe than the former. 2. Divers are fenfible of no compreffure un- 
der water. 3. Tender plants grow at the bottom of the fea. 4. An im- 
merfed heavy body is fupported and drawn out with greater eafe, than if 
no water were incumbent thereon ; for it weighs lefs in water, than out 
of it. 5. A bucket of water is lighter when immerfed than before; and 
weighs lefs in water, than, when empty, out of it; therefore, the water in 
ithe bucket does not gravitate, either on the bucket, or the water below it : 
whence the fchools have determin’d, that fluids never gravitate in their 
proper places. 6. Horfe-hairs preferve any place affign’d them in water ; 
and do not fink by the incumbent weight thereof. 7. Were the propofition 
true, all the lower parts of water would be in perpetual motion, and con- 
{tantly expel the upper. : | 

To anfwer each of thefe objections in their order. 1. If the component 
parts of water be perfectly hard and folid, the upper may prefs upon the 
lower without condenfing them; as would be the cafe in a heap of diamond 
duft. And, poflibly, the:parts of water will not fenfibly yield to fo fmall 
a weight as that of the incumbent fluid, at leaft in thofe heights whereat 
experiments are ufually made; for, in faét, water is not compreffible by an 
ordinary force: nor would any abfurdity follow from our doétrine, were 
the lower parts of the fea condenfed by the upper. 2. That divers are 
infenfible of any compreffure under water, proceeds from the furprizingly 
{trong refiftance of an animal body to an uniform force, at once applied to 
all the external parts thereof; but that, if a proportionable part of this 
preflure was fuftain’d by one limb, and not by all the reft at the fame time, 
“twould be greatly pain’d thereby, appears fenfibly from covering the 
mouth of an open cylindrical veflel, with the palm of the hand, whilft ap- 
plied like a receiver, to be exhaufted by the air-pump: for as foon as the 
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Yneluded air is withdrawn from under your hand, it will be vehemently Srartics. — 
prefs'd from without, againft the edge of the veffel ; as if fome weight were ‘ 
laid upon the back of your hand, and forced it into the hollow of the cy- 
linder. But that fo vaft a weight of water, as muft comprefs a human 
body at the depth of near roo feet below the furface of the fea, (where, 
a diver told me, he had remain’d without pain) will not fenfibly affect it, 
may appear from the following experiment. Toa fmall, cylindrical, glafs 
fyphon, fealed at one end, we exactly fitted a rammer, by means of foft Pg. » 
leather, fo that neither air nor water could pafs between it and the fides . 
of the glafs; then pouring in a proper quantity of water, and leaving fome 
inches height of air above it, we let a young tadpole, the body of which 
animalis exceeding foft and tender, {wim about in the glafs ; when a man 
forcing the rammer down the tube with hrs utmoft ftrength, the bulk of the 
tender creature feem’d fomewhat diminifh’d by the preffure; however, it 
continued to move freely about in the water, and often afcended to the 
top thereof ; tho’ the inftrument ftood perpendicular to the horizon: nor 
could we perceive that the animal fuffer’d the leaft injury hereby. This ex- 
periment we frequently repeated, with tadpoles of difierent ages; whence 
it may fairly be concluded, that the texture of animals is fo ftrong, that 
tho’ water a€tually prefs on water, the body of a diver, at a great depth 
therein, ought not to be fenfible of its weight: for the air being here com- 
prefs’d into an eighth part of its natural dimenfions ; the tadpole fuftain’d a 
preflure of water equal to that of a cylinder of the fame near 300 feet high. 
3. That plants fhoot up under water, is owing to the fubjacent preffure of 
the fame; the force whereof, we fee, is able, when they are detatch’d from 
their roots, to throw them up to the furface, notwithftanding the direct 
weight of the incumbent fluid. 4. Tho’ the water incumbent on a heavy 
body actually tends to deprefs it, yet that tendency may not caufe it 
to fink deeper ; by reafon of an equal or greater preffure upon all the 
‘other parts of the fame plain, wherein its bottom refts; in which cafe, 
the hand that fuftains it will not feel the weight of the incumbent fluid, 
but be able to raife the body more eafily here, than in the air: yet if 
the incumbent water be removed, asin the proof of our eleventh para- 
dox, a great preflure will appear to have been there {uftain’d by the body. 
5. Lo pais over that fenfeleis expreffion of fluids not gravitating in their 
proper places, I thus folve the phenomenon of the immerfed bucket. Sup- 
pofe ABCD the well, EF the rope whereby the bucket is fufpended Fig. 4. 
under water, with its bottom refting on the plain IK ; if the bucket 
wholly confit of wood fpecifically lighter than. water, it muft be fo far 
from weighing upon the hand at E, that its upper parts muft needs rife 
above the top of the water: but if this veflel be a compofition of wood and 
jron, it may be fpecifically heavier than water ; in which cafe, the hand 
that draws it out, will feel only that weight, whereby it exceeds an equal 
bulk of the fluid ; the water in the cavity G, and fo much as refts thereon, 
being balanced by the preflure of the other water above the plain IK: | 
whence the bottom of the bucket is prefled as forcibly upwards, as the 
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Srarics. weight of the incumbent watcr, in the bucket and above it, tends to-de- 
2 prefs it ; fo that the hand has no more to lift, than the excefs of weight of 


the wood and iron of the bucket, above that of an 


equal bulk of water. 


And farther to fhew the abfurdity of that {cholaftic doftrine, of water’s 
not weighing in its own element, drawn from this experiment of the buc- 


ket, I perform’d the fame thing, in water, wit 


a {mall box fill’d with 


butter, and fome pieces of lead, to add to its weight ; andI hope, it will not 


were in their own element *. 


be pretended, that the butter and lead did not gravitate here, becaufe they 
6. That horfe-hairs, fuppofing them of the 
fame fpecific gravity with water, ftand fufpended at an 

fluid, is eafily accounted for upon our principles. Cie 


depth in that 
the body R, 


to be of the fame fpecific gravity with water, it cannot prefs that part of 
the plain S, wherein it refts, either more or lefs than an equal bulk of wa- 


ter; and confequently, 


tho’ the whole column that ftands above it, di- 


rectly prefles thereon, that does not fink it; being balanced by the weight 
of the other water above the plain IK ; whence the body will neither be 
deprefs’d nor rais’d, And as this muft be the cafe at what depth foever 
the body be immers’d, it muft neceffarily keep in the place affien’dit. And 
T once procured glafs-bubbles fo nicely poifed, asto exhibit this phenome- 
non with a furprizing exa¢tnefs. 7. If the laft objeGion fuppofes the 
lower parts of water to be of any confiderable bulk, ’tis already an- 


{wer’d, when we fhew’d that the body R, 


any where in the water. 


pofe to difpute this point. 
furd, that the lower parts 


would retain its place affign’d, 


And unlefs we knew the particular magni- 
tude and figure of the component particles of water, 


‘tis to no pur- 


I am, however, fo far from thinking it ab- 
of water fhould be in conftant motion, that 


I take this to be the very property that conftitutesa fluid; which, tho’ 
not vifible, is eafily difcoverable by its effeéts. Thus, when falt is thrown 


into water, the parts near the bottom foon raife 
top, where they afterwards fhew themfelves in 
erains. 


* This matter cannot be fet clearer 
than in the words -of Sir Ifaac Newton ; 
who obferves, that bodies immerfed in 
fluids, have two kinds of gravity ; the one 
true and abfolute, the other apparent, vul- 
gar andrelative. ‘* Abfolute gravity (fays 
** he) is the whole force wherewith a 
‘“€ body tends downwards; but the relative 
“and vulgar is that excefs of graviry, 
** whereby a body tends downwards, more 
** than the fluid which furrounds it. B 
** the former kind, the parts-of fluids, and 
** of all bodies, gravitate in their proper 
“places ; and, by their joint weights, 
** compofe the weight of the whole. For 


Sf every whole has weight, as is evident 


faline corpufcles to the 
{mall, floating, cubical 


PAR A- 


“in veffels fill’d with liquids; and the 
“* weight of the whole being equal to the 
*‘ weights of all the parts, muft of necef- 
“« fity be compofed of them. But bodies, 
“‘ by the latter kind of gravity, do not 
“¢ gravitate in their own places ; that is, 
*“< do not, when compared with one ano- 
“ther, pregravitate; but mutually hin- 
“‘ dering each other’s endeavour to de- 
“ fcend, they remain in their places, as 
“« if they had no weight. Bodies inthe air 


| ‘© which do not pregravitate, are thought 
| ““ by the vulgar not to be heavy ; but thofe 
i‘ which pregravitate, they judge to be 
| “* heavy, fo far asthe air does not fupport 


“ them : fothat the weight of bodies among 
“* the 


a5 
q 
. oF 
> 


Hydroftatical Paradoxes. 293 


Bi As Raa Dh Coe X ol Tay Migr, eid ial ee 


A lighter fluid will gravitate upon a heavier. 


If you fuck up fair water in a flender glafs pipe, to the height of three 
or four inches, nimbly ftop the upper orifice with your finger, plunge ‘the 
lower into a glafs of oil of turpentine, till the furface of the oil in the veftel 
rife fomewhat higher than that of the water in the tube, and then, laftly, 
remove your finger ; the water will not fall out, but continue fufpended by 

“the preflure of the oil; as appears evident from the foregoing propofition, 
whereof this is only the converfe. And if either more oil be poured into 
the veffel, or the tube be immerfed deeper therein, the water will be 
buoy’d up towards the top of the pipe; that is to fay, a heavier fluid will 
be raifed by a lighter. Since then, by the preceding propofition, the liquor 
rifes in the pipe by the gravity of the external fluid, it follows, that a- 
lighter liquor will gravitate upon a heavier. 


COROLLARY. 


As the furface of the oil in the tube, was always, in. the former expe- 
riment, higher than that of the external water, fo, here, the furface of 
the water in the pipe, will conftantly be lower than that of the oil; be- 
caufe in the plain EF, the cylinder of water IG, contain’d in the pipe Fig. s.~. 
1H, will, upon account of its greater gravity, prefs as much upon the 
part I, as the oil K I, IL, which is fpecifically lighter than it, does up= 
on the other parts of the fame plain EF. nf | 


SiG, @ Ly A. 


1. This fecond paradox may be farther confirm’d from the common. phe 
| 


nomena of glafs bubbles, the explication whereof is as follows. "The bub- 
ble X, confifting of glafs, which is fpecifically heayier than air, which is Fig.«. 
lighter than water, and of water it felf; whilft the whole compofition is 
lighter than an equal bulk of water, it will float ; but if it grows heavier 
than fo much water, it muft, according to the laws of hydroftatics, fink. 

_ When, therefore, there happens any confiderable preflure upon the water 
wherein the bubble is generally immerfed ; fince giafs is a folid body, and 


“ the vulgar, is only the excefs of their | ‘* parative and-apparent levity, is the ex- 

“‘ real weight above that of theair. And, } ‘‘ cefs or defe&, whereby their real gra- 

“‘ therefore, they call thofe things light, | ‘‘ vity either exceeds or falls fhort of the 

“which being lefs heavy than the air, | “ gravity of water. But whatever bo- 

“and yielding to its greater gravity, | ‘‘ dies neither defcend by pregravitating, 4 

‘‘ mount upwards. But thefe bodies are | ‘* nor afcend by yielding to one that pre- 

‘€ only comparatively light, notreally fo; } ‘‘ gravitates; tho’ they ftill, by their real 

“‘for they will defcend im vacuo. Thus } ‘‘ weights, increafe the weight of the 

“ bodies, which by reafon of their greater | ‘* whole ; yet comparatively, and in # 

“or lefs gravity, defcend or afcend in { “ popular fenfe, they do not weigh in, 

“water, are but comparatively and ap- | ‘* water.” Newtom Princip. p. 264. — 

“‘ parently heavy or ligat; and their com- , 
: water 
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Srarics. water incomprefflable,. but the air included in the bubble, elaftic, and eafily 
aZVN compreffed; this will fhrink, and fo poffeffing lets {pace than before, the — 


contiguous water will fucceed in its place; which being a body that is a 
-thoufand times fpecifically heavier than air, the bubble thereby becomes 
-heavier than an equal bulk of water, and confequently finks : but, upon 
-the removal of this preffure, the pent-up air will, by its own {pring, free 
at felf from the intruding water ; whence the compofition of the bubble 
“growing lighter than an equal bulk of water, ic will, from the bottom, 
immediately emerge to the top. : 

2. Into a long glafs pipe, fealed at one end, and open at the other, pour 
scommon water, till about half a-yard thereof remains unfill'd. In the 
next place poife a glafs bubble, with a flender neck, fo that a {mall ad- 
dition of weight will fink it ; and place it on the furface of the water in the 
tube ; thencontinue pouring oil of turpentine gently thereon, till it rifes 
to a fufficient height; when the bubble will defcend to the bottom, and 
there continue as long as the oil remains at that height above the water. 
The reafon whereof is, that the oil, tho’ lighter than water, gravitates 
‘upon that fluid below it, and thereby forces a part thereof into the open 
orifice in the neck of the bubble, which thence becomes heavier than an 
equal bulk of water, and confequently defcends to the bottom ; and the | 
caufe of this fubmerfion, the preflure of the oil, continuing, it muft necef- 
farily remain there. In confirmation hereof, it may be added, that if the 
cylinder of oil be diminith’d, or taken away, the bubble will again afcend 
tothe top ofthe water; becaufe the water being relieved from the pref- 
ure of the oil, the air, by virtue of its own elafticity, recovers its former 
dimenfions, and thereby renders the bubble as light as before. 

3. The firft paradox may, alfo, be confirmed by the following experi- 
‘ment. Having’ provided a tube and bubble, as juft mention’d, pour 
‘water into the tube, to the height of 6 inches, then caft in the bubble, and. 
-keep it-conftantly plung’d below the furface, whilft more water is flowly 
-pourd into the tube, toa confiderable height ; when, the bubble, which 
before attempted to emerge, will, by the additional weight of the incum= 
bent water, be deprefled to the bottom ‘of the tube, and there continue, 
whilf the fame weight of water remains. 


4. Tho’ the weight of the incumbent water alone, here caufes the bub- 
ble to fink, yet, if it were not kept immerfed, a ftill greater weight of 
water would not deprefs it; becaufe, being left to itfelf, it would rife 
with the fuid, and never permit the fame to come fufficiently above it for 
that purpofe. And that the weight of the incumbent water really finks 
the bubble, and keeps it atthe bottom, appears from taking away a fuf- 
ficient part thereof ; for, when that is done, the bubble will prefently, and’ 
of itfelf, begin to float up towards the furface, from whence it may ea- 
fily be made to fubfide, by pouring back the fame water that was taken out. 

<s. The reafon why oil of tartar. per deliquium, was not here made ufe 
of, inftead of fair water, is, that in fuch {mall pipes, as thofe employd 
about the firft experiment, I found that liquor fo ponderous, as to flow 
down 


y 
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down into the oil of turpentine, whilft the oil pafled upwards by it, alone the 
other fide of the tube : whence I am furprized, that M. Pafchal fhould fay, 
that ifa tube above 14 feet long, with one orifice placed 14 feet under wa- 
ter, be full of quick-filver, it will not all run out thereat, tho’ the top be ex- 
pofed to.the air, but ftop at the height of one foot ; becaufe the moment it ac- 
quires in falling, muft, probably canfe the whole to come out. My own trials 
with quick-filyer, and {mall tubes, with this more favourable circumftance 
of oil of turpentine, and oil of tartar, tempt me to fufpect, that M. Pajchal 
never madethe experiment, at leaft, not in a tube fo large as his {cheme fuppo- 
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Se a) 


fes. Experiments, that are only true in {peculation, fhould be propofed.. 


as fuch, for they may often fail in practice. 


6. This fecond paradox, Iam fenfible, contradicts the current opinion» 


of the fchools, and even of many modern. mathematicians, and writers in. 
hydroftatics; but whether the caufe of gravity be the trufion of any fu-. 


perior fubftance ; or the magnetic attraction of the earth, Oc. there is,.in 
every heavy body, a conftant tendency towards the centre of the earth, 


that cannot be deftroy’d by the interpofition of another heavier body, tho’ 


its nearer approach towards the centre, may be hindred thereby ; the-lat-_ 


ter, from its greater gravity, obtaining the lower place. But then, the 


lighter body tending downwards, muft needs prefs upon the heavier that - 


lies in its way; and jointly therewith, prefs upon whatfoever body fup- 


ports them both, with a weight made up of their united gravities. Some - 


men of learning are kept from acknowledging this truth, by finding. that 


alighter fluid, furrounded: by a heavier, does not defcend,. but emerge to. 


the top ; whence they confider the former, not as a heavy body, but a. 
light one. “Tis true, in refpect of the heavier liquor, the lefs heavy may ~ 


be called light ; yet it ftill retains its own abfolute gravity, or tendency 
downwards, as ftrongly as before; tho’ by a contrary and more power- 


ful tendency of the contiguous liquor) upwards, fuch its endeavour does. 


not appear. ‘Thus whilft a piece of light wood emerges, from: under 
water, it retains its gravity in its afcent, being only buoy’d up. by the wa- 
ter, whofe fpecific gravity is the greater; fo that the fum of the water, 
and the afcending wood, weighs more than the water alone would do ; 
‘and therefore, when this wood floats, with fome part above the furface of 
the water, a lighter bedy aétually gravitates upon a heavier. Thus, alfo, 
were a man weigh’d in a balance, with a ftone in his hand, which he lifts 
above his head; tho’ that may feem light, in refpect of his body, yet it 
lofes nothing of its natural weight, neither during its afcent, nor after- 
wards: for the hand that raifes ic up, will. conftantly perceive its ten- 
dency downwards, and the ftone ; and the man together, will weigh no 
lefS in the feale, than if he did‘not fupport it, but both were weigh'd a- 
part, and their refpective weights afterwards added together. And thus, 
laftly, if a glafs of water, witha large quantity of common falt, in pow- 
der, be balanced in the feale, whilff the falt gradually diflolves and. be- 
“comes one body with the water ; yet the weight here will not be diminifh’d 
as the falt comes to be furpported by the fluid ; but both together will gra- 


vitate, as at firft, on the icale that fupports them. P A. 
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“PARADOX Or 


Tf a body ‘be wholly, or in part, immerfed below the Surface of water, itslower 


part will be preffed upwards by the water contiguous to it, from beneath, 


- ‘This appears from the firft experiment,; for, where-ever the lowelt 
part of the body be, in either cafe, fuppofed, all the parts of the plain, 

wherein it refts, are prefled upwards. And if this force under the body — 
be greater than that wherewith it tends downwards, ’twill buoy it up 3 _ 


/ 


but if the body be fpecifically heavier than water, the tendency of the — 
contiguous fluid from beneath upwards, proves only ineffectual to raifeor 
fupport it, but is by no means deftroy’d; the heavy body being conftantly 
refifted and retarded by the water, as it would be ina pair of fcales, 
were it hung at one end, and an equal bulk of water at the other end of 


the beam. 


The fame truth is farther manifeft from the third experiment ; for, — 
ifthe tube, wherein the water is fufpended, be plunged deeper into the 
oil ; or, if more oil be poured into the veffel ; the water in the tube, will 
rife the higher; which could not happen, unlefs the oil, tho’ {pecifically’ 
jighter, prefled againft the lower furface of the water more forcibly than 
the water tends, by its gravity, downwards. And even when the two _ 


fluids balance each other, the oil continually prefles upwards againft the 
lower furface of the water; ‘for herein confifts its conftant refiftance -to 


the perpetual endeavour of the water to defcend. And fince the fame _ 


phenomenon happens, ‘whether the water be fufpended in oil, or wicé 


. verfa, the propofition holds equally true, let the body be fpecifically 


-heavier, -or lighter than the fluid wherein it is immerfed. 


SCH OLT A. 


1. That water makes a refiftance to bodies which fink therein, is thus — 


demonttrated. Suppofe the pipe E F, contains oil of cloves, er any other 
oil, that is {pecifically heavier than water; that the oil in the tube, and the 


external water are in equilibrium ; and laftly, the pipe to be flowly rai- — 
fed towards the top of the veflel: “tis evident, that drops of oil will, du- — 
ring the tube’s afcent, fall from the bottom thereof to that of the elafs; 7 


but ‘much more flowly than if they fell in the fame manner, thro’ air. 


2. Lo compute the quantity of preflure againft the lower parts cha | 


drop, fuppofe it tobe G, touching the plain HI; we mutt obferve, that 
if the drop of oil were not there, its place would be fupplied by an equal 
bulk of water ; which being of the fame fpecific gravity with the reft of 
the fluid in the veflel, the furface HI, would be every where equally 
prefled ; and, confequently no part thereof be difplaced. But the drop of 


oil being heawer than an equal bulk of water, that part of the furface 


whereon it refts, is more prefled than any other equal part of the fame; 


and therefore, will give wayto the defcending drop. And as this mut 
be the cafe in all the other durfaces as well asin HI, the drop will conti- 
: nueva 
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nue falling, till it arrives at the bottom of the glafs. And if thedrop G, Srarics. 
were not {pecifically heavier than water, but barely equal thereto, the con- | 
tiguous part of the furface H I, would be no more preffed than the other 
equal parts thereof, and, confequently, it would be neither depreffed nor 
raifed ; but the drop G, continue in the fame place : whence we conclude, 
with Archimedes, and others, that a body immerfed in a fluid, of the 
fame {pecific gravity with itfelf, will reft at any affignable depth therein. 
Since, then, A the drop G, be of the fame fpecific gravity with water, 
it will neither fink, nor emerge ; if it be heavier, ‘twill only fall by the 
weight whereby it exceeds an equal bulk of water ;' for this, alone, is the 
caufe of its defcent, the other being wholly refifted by the water; and 
confequently, it lofes in the water the weight of an equal bulk of water, 
weighed in the air. 

3. Thisgrand theorem is thus eafily confirm’d by experiment. Hang a 
piece of lead, tied to an horfe-hair, from one feale of an exaG balance, 
counterpoife it, and fuffer the lead to fink down, and hang freely, in a vef- 
fel of water; and you will find the former counterpoife much too heavy 
for the lead ; part of it, therefore, being taken away, till the balance be 
reduced to an equilibrium, ’tis eafily feen what proportion of weight is 
loft inthe water. If, then, another piece of lead be weigh’d in air, where 
it equals, fuppofe, 12 ounces, and afterwards be hung to the {cale by an 
horie-hair, as the former, and weigh’d in water, you may conclude that 
r1 ounces, (fuppofing lead to be to water, as 12 to 1) put in the oppofite 

feale, will now reduce the beam, how uneven foever it might hang in the 
air, to an horizontal pofition. 


COROLLARIES. 


1. From this preflure of water, againft the lower furface of bodies im- 
merfed therein, may be deduced the caufe why light fubftances emerge 
to the top thereof ; which has, hitherto, remain’d an inexplicable pheno- 
menon. Suppofing, then, a pipe almoft filled with oil of turpentine ; if, as 
in our firft experiment, the lower orifice be plunged under water, tho’ not 
near fo deep as the oilis high, and the upper end be gradually unftopp’d, 
the oil will fall, in drops, from the bottom of the tube, and prefently emerge 
_ to the furface of the water; notwithftanding they are prefled as well down- 
wards, as upwards : the reafon whereof is, that the upward tendency of 
the water, contiguous to the lower furface of the oil, is ftronger than the 
tendency of the oil, and the incumbent water downwards. Thus, when 
the drop G, touches the two parallel plains HI, KL, ’tis evident, that Fig. z. 
the lower part of the drop G, is more prefled by the water, than the u per 
part M, becaufe upon the whole furtace K L} there is only an uniform 
tit of the water, AK BL, whilft upon all the parts of the furface 

I, there lies a greater quantity of Water, AHBI, except upon 
the part N, where the oil G, being lighter than an equal bulk of water, 
and expofed to a greater preflure from beneath, than its own gravity, with 
that of the incumbent water, can refift; it mutt neceflarily give way, and 

Vor. IL Qgq be 
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Srarics. be impelled upwards. And, as the fame reafoning holds, for all the 


Figs», 


Fig. Bo 


points in its afcent, it muft, confequently, be driven, gradually, to the fur- 
face, and there float. Or, in other words 5 when any body, fpecifically 
lighter than water, is immerfed in that fluid, it fuftains the preflure of 
two columns of water, one againft its upper, and the other againft its 
lower part: and, as the height of thefe columns muft be computed from 
the top of the water; the lower part of the immerfed body is prefled upon 
by a column longer than that which prefles upon the upper, by the thick- 
nefs of the body, which, therefore, will be prefled more upwards than 
downwards. And the greater difference there 1s in the {pecific gravities of 
the water, and the body made ufe of, the fwifter, ceteris paribus, will be 
the afcent; becaufe of the greater preflure upon all the other parts of 
our imaginaty plain, than upon that which 1s contiguous to the bottom of 
the afcending body. 

2. Hence, alfo, we may folve that hydroftatical problem; why if two 
cylindrical pieces of wood, one of them twice the length of the other, be 
plunged to an, equal depth under water, and thence fuffer’d to emerge, at 
the fame time, the longer gains the top before the fhorter : for, fuppofe O P, 
to be one of thefe bodies, and two feet long,Q R, the other, and one foot, 
and that they both reft upon the fame plain, parallel to the upper furface 
of the water, and three feet diftant therefrom ; there will bea lateral pref- 
fare of the incumbent water upon the lower ends of each of thefe bodies, 
as great as that upon the equal parts of the plain whereon they reft 5 but 
upon the upper end of the fhorter body Q R, there will prefs a column of 


_ water two feet high, whilft the taller P O, fuftains only a pillar of one 


foot ; fo that both being fpecifically lighter than water, they will be im- 
pell'd upwards ; but the column confifting of one foot of wood, and two 
feet of water, will, by its gravity, refift this impulfe more than that which 
is made up of two feet of wood, and but one of water; whence the rea- 
fon of their unequal velocities is evident. | 

3. From hence, alfo, we may, probably, deduce the reafon why, in di- 
filling aromatic oils, with water, the whitifh liquor, which fess 
comes over, long continues turbid ; for this chiefly proceéds from the ex- 
ceeding minutenefs of the drops, whereof it confifts, allowing the height of 4 
the water, prefling upon the upper part thereof, to be almoft as great as ~ 
that which.prefles againft the lower, fo that the drops are raifed but very 
flowly, tho’ they will, at length, emerge ; efpecially when, by their frequent 
occurfions, they have form’d drops of a larger fize. 

4. From this ‘propofition, it, likewife, follows, that all bodies floating 
upon a fluid, fink till the irimmerfed part be exactly equal, in bulk, to fuch 
a quantity of the fluid, as equals the whole weight of each body. For 
inftance, if V, be a cubic yard of wood, 6 pounds in weight; fince ‘tis hea- 
vier than air, it will fink in water, fuppofe to the pein XW, where it 
muft neceflarily reft ; for all the other equal parts of that plain X W, be- 
ing prefled upon by columns of water, equal in height to XA, if the whole | 


weight of the cube be greater than that of. as much water as equals the 


immerfed 
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immerfed part thereof, it mutt fink lower, becaufe the fubjacent part at V, Srartcs. 
would then be more charged than the reft. On the contrary, if the cube LYS 
were lighter than the water, whofe place the immerfed part poffefles, it 
muft by the greater preflure of the water upon the other parts of the 
‘plain XW, than upon that contiguous to the wocd at V, be impell’d up- 
wards, till the preflure of the whole cube upon the part that fuftains it, be 
equal to that of the water upon the reft of the plain; and, confequently, 
be the fame with the water, whofe place the immerfed part poffefles: the 
lightnefs of that part, in refpeét of fo much water, being compenfated 
by the weight of what remains unimmerfed above the level of the water. 
Thus, when a piece of wood is thrown into water, tho” the moment it ac- 
quires in falling, carries it thro’ many imaginary plains below its proper 
{tation ; yet the fuperior preflure to which each of thofe plains is expofed 
in all other parts, but in that contiguous to the bottom of the wood, 
pestently impels it up again, till at length it refts in the place we have af- 
fign a it. 
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SCHOLIUM. 


_ ‘This ingenious and ufeful propofition, relating to floating bodies, is 
mathematically demonftrated by Archimedes and his commentators ; and may 
be farther manifefted to the eye, by the following experiment. Having 
oured a convenient quantity of water into a large deep glafs, and placed 
another deeper, that was properly fhaped for fwimming, within it; we 
furnith’d the latter with balaft, a deck, and other parts of a fhip, till it 
funk down to fome particular marks we had placed on the outfide. ‘Then, 
obferving how high the water reach’d in the larger veflel, we carefully 
placed two or three marks in a level with the horizontal furface of the 
water ; and taking out the floating glafs, we wiped the outfide dry, and 
weigh’d it, with all its rigging, in an exact pair of fcales; and afterwards 
pour’d an equal weight of water into the large glafs, which we found 
reach'd up to the marks whereto our counterfeit fhip had raifed it. ‘This 
experiment we feveral times repeated in veflels of different fizes, fhapes, 
and lading. From whence it appears, that the floating veflel, with all it 
contained and fupported, was equal in weight to the water, whofe bulk 
~ equall’d the immerfed part of the vefiel, had it been cut off from the other, 

by a plain continu’d from the horizontal furface of the water. ‘This theo- 
rem, with what we have brought to-confirm, or illuftrate it, may be ap- 
ply’d, mutatis mutandis, to a fip with all her rigging and lading ; for ‘tis 
univerfal, that the weight of a floating body equals that of the water, whofe 
_fpace the immerfed part poflefles. And hence the learned Stevinus fome- 
where fays, that a whole fhip, with whatever belongs to it, preffes no 
more upon the bottom it floats over, than a bulk of water equal to the 
immerfed part of its hull. 
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PARADOX Iv. 


A competent preffure of an external fluid, is, alone, fufficient to raife the water 
in pumps. | 


The truth of this propofition may appear from the preceding experi- 
ments; however,we fhall give ita farther illuftration and proof, as follows. 
Suck deeply tinged water into a flender glais-pipe, to the height of an 
inch ; and nimbly {topping the upper orifice, immerfe the lower end into a 
glafs half fill’d with the fame tinged liquor, till: the furface of that in the 
pipe be an inch below the top of the external fluid; next, pour oil of tur- 
pentine thereon, till it {wim three or four inches above the water; when 
eafing your finger, gently, from the upper orifice of the pipe, to admit a 
communication between the internal and external air, the liquor in the 
tube will be impell’d up almoft as high as the furface of the external oil. 
Now, it cannot here be pretended, that the afcent of the liquor, in the 
ipe, 1s Owing to nature’s abhorrence of a Vacuum ; fince, as the pipe is 
Ful of air, and its orifice open, there’s no danger of a Vacuum, tho’ the 
water did not rife; the air and water remaining contiguous as before. — 
The true reafon, then, of this afcent, is, thar, upon all the other parts of 
the imaginary plain cutting the immerfed end of the tube, there is a pref- 
fure of water and oil {wimming thereon, equal to four or five inches height 
of water; whilft, upon that part where the liquor contain’d in the pipe 
refts, there is only the preflure of one inch of water; whence the parts 
near the immerfed orifice, mut be neceflarily thruft out of their places by 


’ thofe of the water that are more preffed, till fo much liquor be forced up 


into the pipe, as makes the preffure on that part of the imaginary plain 
equal to that of every other fuch part ; when, the water will rife no far- 
ther, but, by reafon of the equilibrium, reft a little below the furface of 
the oil ; the fpecific gravity of this being lefs than that of water. In like 
manner, it may happen in pumps; for as the oil of turpentine, tho’ lighter 
than water, by refting upon the furface of the external fluid, forces up 
the liquor, within the pipe, far above the external water; fo the air, tho’ 
lighter than oil of turpentine, reaching to the height of many miles, and 
refting upon the water ina well, will prefs that water up the cylindrical 
cavity ofa pump, much higher, if all impediments were removed, than 
the furrounding water. Now the obftacle here is either the fucker, or the 
preflure of the external air; the whole ufe of the fucker is, therefore, to 
free the water in the pipe from any impediment to its afcent; as, in our 
experiment, the fides of the tube fufficiently defend the water therein from 
any preffure of the external oil that might obftruét its rifing, Laitly, as 
the liquor in our pipe was forced up, till the cylinder raifed, became a ba- 
lance to the preffure of the water and oil on the outfide; fo in pumps, the 
water rifes but to a certain height, viz. thirty-three, or thirty-four feet, 
beyond which it cannot be impell’d; becaufe at that ftandard the preflure 
of the water in the pump upon that part of the imaginary plain wherein its 
lower 


Flydroftatical Paradoxes. 301 
lower orifice lies, is the fame with that the other equal parts thereof fuftain, Srarics. 
from fo much of the external water and atmofphere as refts thereon. And 
this may fuffice to fhew, that nothing more than a competent weight of 
an external fluid, fuch as the air, is requifite to raife the water in pumps. 


SCHOLIUM. 


For a farther confirmation of this propofition, and, at the fame time, 
to fhew that a {mall quantity of quick-filver may be fufpended in an open 
tube; I fhall here offer another experiment. Having fuck’d into the lower 
end of an open glafs-tube, the diameter of whofe bore was above the fixth 
of an inch, near half aninch height of quick-filver, and nimbly ftopped the 
upper end with my finger ; I plunged the mercury into a deep glafs of oil 
of turpentine, being careful not to open the upper orifice, till the quick- 
filver was funk eighteen or twenty times its own height below the furface 
of the oil; after which, it remain’d fufpended, while the tube continued un- 
{topped : and as if I raifed it towards the upper furface of the oil, it would 
drop out ; fo if I deprefled it deeper into that fluid, it would be impelled high- 
er up into the pipe: and, by this means, fo ponderous a body as mercury, 
was made fometimes to rife, and fometimes to fall, but ftill to continue fup- 
ported by a liquor fpecifically lighter than common fpirit of wine. This 
experiment, however, may eafily mifcarry, unlefs great care be ufed ; and, 
after all, the oil will foon infinuate itfelf between the fides of the pipe, and 
fo fhort a cylinder of mercury ; for which reafon, I here prefer water ta 
oil of turpentine. 


COR OP LA ana. 


Since a cylinder of mercury, about thirty inches high, is equal in weight 
to one of water, about the height of thirty-three, or thirty-four feet; tis 
evident, that the preflure of the external air, which can raife and fufpend. 
that height of water, will do the fame to the proportionable one of mer~- 
cury, in the Zorricelliau experiment. 


FA hs phdn AD Ah Die nS Vi 


The preffure of an external fluid will keep an heterogeneous liquor fufpended at the, 
fame height, in tubes of very different bores. 


Pour a fufficient quantity of deeply tinged water into a clear, deep,, 
wide-mouth’d glafs, and clofe it with a broad, thin cork, wherein various. 
round holes, of different magnitudes, have been burnt; into each of which. 
_ you may thruft an open glafs-tube of a correfponding fize, fo that they 
may ftand. parallel to one another, and perpendicular to the furface of the 
fluid, wherein they are immerfed. Befides thefe holes, another aperture. 
muft be made in the cork, to receive the {mall end of a glafs-funnel, by. 
means whereof, oil may be conveyed into the veflel, when ftopped; and 
in the flender part of this funnel, ‘tis proper to place fome cotton, to break 
the force of the defcending oil, which might otherwife fruftrate: the expe- 

_ Timent... 
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Srarics. riment., ‘Things being thus prepared, pour oil of turpentine thre’ the fun- 


Fig. Oe 
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nel, till the tinged water be prefled up into all the pipes, and rife to a con- 


-fiderable height therein, above the lower furface ot the oil; when, you'll 


plainly perceive the liquor to ftand at the fame level, both in the greater 
and imaller tubes, while in each it is plainly fuftain’d at that height 
above the other water, by,the preflure of the external oil; which being 


-{pecifically lighter than water,. its furface will remain fomewhat higher on 


the outfide of the tubes, than the tinged water they contain. And it, by 
means of a fyphon, apply’d in the place of the funnel, the oil be gradually 
drawn off from the water ; asthe depth and preflure of the fame decreafes, 
the liquor in all the pipes, both great and fmall, will gradually fubfide. 
For, fuppofe EF, the furtace of the water within-fide of the tubes, as well 
as without them, before any oil fwims upon it ; the lightnefs of that fluid, 
compared to water, will prevent it, when pourd thereon, from getting 
into the cavity of the pipes L, M,N: and, therefore, rifing on the outfide 
thereof, it muft, by its gravity, prefs the water, and impel it up into 
them... And if the upper furface of the. oil reach to GH, and that of the 
water defcend to IK; by means of the quantity of oil made ufe of, the 
liquor.in the pipes ought to have its feveral upper furfaces in the fame 
jevel with each other, notwithftanding the great inequality of their bores ; 
fince that part of the plain IK, whereon refts the circular orifice of the 
largeft tube L, is no more prefled by the incumbent water, than any other 
equal part of the fame, is by the oil it fuftains; the oil having only an 
additional height on the plain IK, to balance the preffure-of the liquor in 
the pipe. And tho’ the tube L were twice its prefent bignefs, “twould 


’ but prefs the fubjacent plain 1K, equally with the oi! on the other equal 


parts. Nor ought this preflure of the external oil to raife the water in 
the flender pipe N, above the furface Q, in the fame level with O; for 
were the liquor higher in the {mall pipe, it muft prefs that part of the plain 
IK, whereon it refts with a force fuperior to that of the. oil upon the 
other parts of IK, which is greater than the oil could refift ; whence, con- 
fequently, the liquor in the flender pipe, muft fubfide, till its furface fall 
below that of the external oil; for, till then, the different fluids cannot reft 
in equilibrium: In a word, it matters not how wide the cylinder of water 
be, which the oil is to fupport, provided it rife no higher than the diffe-- 
rence in the fpecifie gravities of the two fluids will admit of ; for in this 
cafe, the preflure of water on the fuftaining part of the plain, will be 


-equal to the preflure of the external oil on all the other parts thereof ; 


and, confequently, the two liquors muft remain perfectly balanced. 


SCHOLTIA. 
r. It may here be obferv’d, that there’s no neceffity the glafs-tubes 
L,M,N, fhould be of the fame length ; fince, as their lower orifices are 


open, the liquor will rife to the fame height within them, tho’ they lie not 


in the fame plain below the water. — 


2. We 


ik Vad 
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2. We all along fuppofe, and particularly, in the laf experiment, that Srarics.. 

the fmalleft glafs tubes employ'd are of a moderate fize, and not exceeding Ls Es. 

narrow ; or; in cafe they are, that allowance be. made for the property of 
water’s rifing inthem to a greater height, than can be attributed to the 
balance either of water or oil, that keeps it there fufpended. 

: PARA DOX~VL : 

The dirett preffure fuftain’d by a body, placed any where under ‘water, with its 
upper furface parallel to the horizon, is that of a columia of water, whofe bafe 
is the horizontal fuperficies of the body, and height the perpendicular depth of | 
the water ; and if the water prefjing upon a body, be contained in open tubes, | 
its preffure is to be eftimated by a coluimu of the fame, the bafe whereof equals 

the lower orifice of the pipe, and height a perpendicular from thence to the top 
of the water: and this, tho’ the pipes ftand obliquely, be irregularly Shaped, 
or wider in fome parts than the faid orifice. 


The former part of our propofition we might, with Stevexus, make more 

general, and thus demonftrate. Suppofe ABCD, a folid reCtangular f- Fig, 10. 
sure of water, whofe bafe DC, is parallel to the horizon, and height GE, . 
a perpendicular let fall from the upper to the lower furface of the water ; 
if that part of the bafe EF, be charged with more water thanG EFH, 
the overplus muft come from the adjacent water ; fuppofe it then, if poffi- ee 
ble, to come from AGED, and HBCF : then, forthe fame reafon, the 
- bafe DE, will have more water incumbent thereon than AGED; and 3 
the like may be faid of FC, whence the whole bafe DC will fuftain a 
greater weight than that of the whole water ABCD, which is abfurd. 
By the like reafoning, we prove that the bafe DC, fuftains no lefs.a weight 
than that of thewater GHFE;; fince, then, it fuftains neither a greater 
weight nora lefs, than the column of water GHFE, it muft, exactly. 
- faftain the fame. | 

To this demonftration, we fhall annex fenfible experiments, to confirm ~ 
and illuftrate each part of our propofiticn. Firft then, fuck oil of turpen= Fg. ss. 
tine into a flender, glafs fyphon, till it fill the fhorter leg, and rife two or 
three inches high in thé longer; then nimbly ftop the upper orifice with 
your finger, and plunge the lower part of the fyphon into a deep glafs of _ 
water, till the furface of the oil in the longer leg rifes but little higher _ 
than that of the external water, and upon removing your finger, the fur- 
face of the oil will either intirely, or almoft, preferve its former ftation ; 
when if the fyphon be immerfed deeper, the oil in the fhorter leg will be 
deprefs’d ; but upon gently raifing the fyphon towards the top of the wa~ 
ter, it will exceed its former ftation, gradually flow out in drops, and 
emerge to the furface. Now, fince the water, at firft, kept the oil in the af 
longer leg, fufpended no higher, than it would have been by a cylinder of | 
water, equal in bafis to the orifice of the fhorter leg, and reaching, in 
length, from thence to the top of the water, as may be eafily feen in a 
fyphon with legs fufficiently long ; and fince, when by raifing the gehen 
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Sratics. the height of the incumbent water was diminifh’d, the oil over-balanced 
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AYN the water, and run out ; it may be fairly concluded, that tho’ much of the 


Fig. 124 


Pig. 33. 


water in the veflel, lay higher than the immerfed orifice of the fyphon, yet — 


no more gravitated thereon, than what ftood direétly over it; that is, fuch 
a column as our paradox requires. é 


COROLLAR ¥. 


It follows from hence, that water may prefs as regularly upon an im- 


-merfed body, when not reftrained by pipes, as when included in them ; we 


amay, therefore, properly conceive a particular column of water, tho’ it 
has no actual bounds, in an unlimited quantity of the fame fluid. 

The firft part of our paradox holds equally true, whether the incumbent 
water be free or confined in veflels of any irregular fhape. ‘Thus, tho’ the 
fhorter leg of the fyphon be fafhion’d into a funnel, and filled with water, 
the oilin the other leg will refift the preflure thereof, fo that the furface 
of the oil in the longer leg will rife but little above that of the water in the 
funnel. For farther confirmation hereof, we try’d the experiment in a 
fyphon; in one Jeg whereof, a glafs {phere was made to communicate 
with the upper parts of the fame. Into the uniform leg of this fyphon, we 
poured a proper quantity of oil of turpentine, and fill’d the lower and glo- 
bular part of the other, with water; which proved infufficient to fuftain 
the oil at a greater height, than if this leg alfo had been uniform: all the 
water in the {pherical cavity, which fell not dire¢tly over the lower orifice 


thereof, being fupported by the fides of the fame. And when the irre- — 


gular leg was fill’d with oil, and the other with water, the former fluid 
would not fuftain the latter to an equal height, notwithftanding its excefs 
of quantity containd in the concave {phere. ‘To clear up this matter full 
farther, we poured mercury into the fyphon ABCD, till it almoft 
yeach’d the bottom of the globular part, in the fhorter leg, and to an 
equal height in the longer ; then letting a proper quantity of water run 


into the longer leg, it impell’d the mercury in the fhorter leg, tll it 


more than half filled the cavity of the {pherical part E, the tube AB, 
not proving fufficiently long to allow of its being quite fill’d; when, we 
obferv’d the furface of the quick-filver HG, to lie as high as the different 


{pecific gravities of the two fluids required: fo that notwithftanding the. - 


great weight of the mercury contain’d in the concave fphere E, no more 


prefled upon the fubjacent flender part of the leg EC, than ftood direétly . 


over its lower orifice: whence the water in the leg AB, appear’d prefs’d 
only as much asif the leg C D, had been uniform, and without the ipheri- 
cal cavity E. And. thus, if the {phere had been made larger, a {mall 
quantity of water in the leg AB, would have fomewhat raiied a much 
greater weight of mercury thanitsown, : 

The fecond part of our prefent propofition is proved thus. We took 
three open, glafs pipes, of the irregular figures in the {cheme, and plunged 
them in a glafs veflel of water, the two crooked ones ftanding very ob- 
lique to the upper furface thereof, and the higher ends of them all comming 
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thro’ particular ftrait holes made ina cork fitted to the veffel’s mouth, Srarics. 
whilft the water afcended to a certain height, thro’ the lower orifice of UY 
every pipe; then pouring a confiderable quantity of oil of turpentine thro’ 
a funnel, into the veflel, the water was, thereby, impelled to the fame 
height, of two or three inches, into the feveral tubes : whence ’tis apparent, 
that notwithftanding the irregularity of fhape in the pipes, and the different 
widenefs in each of their bores, the preflure of the contain’d water upon 
their lower orifices did not exceed that of five cylinders of the fame, with 
each of thofe orifices for bafes, and the perpendicular depth of the water 
and oil therefrom for their height. For had each of the pipes contain’d 
only fuch a cylinder, its upper furface would have ftood at the fame 
height ; and if it did not deprefs the fubjacent fluid as much as the exter~ 
_ nal force tended to raife it, that excefs of preflure muft have impelled it 
higher. Since then the water rofe to the fame height in the feveral pipes, 

tho’ two of them, being greatly inclined, contain’d much more water 

than if they had ftood erect; by a like way of reafoning, we may con- 
clude, that the imaginary plain cutting their immerfed ends,- fuftain’d no 
greater preflure than that of a fhorter, ereét cylinder of water. For in all 
cafes where the pipe is either inclined, or wider in one part than in another, 
the weight of the liquor it contains, is not wholly fupported by the body 
contiguous to the lower orifice, but in fome meafure by the fides of the 
pipe. Thus, when oil of turpentine, in a flender tube, balances the pref- 

{ure of the external water, if the tube be barely inclined to the fides of 

the containing glafs, a confiderable quantity of water will get up into the © 
pipe ; becaufe the oil no longer refting wholly upon the water, but partly 
upon the tube, its preffure on the water is diminifhed, while that, conti- 
nuing its force, impels up the oil, and intrudes it into the pipe ; which be- 

ing reftored to a perpendicular pofition, the oil will again-deprefs, and 
drive the water out of its cavity. We farther caufed three pipes to be Fig: 14 
blown differently from the former, and filled their winding and irregular 
parts, as alfo their uniform ftems, toa proper height, with oil of turpentine ; 

we then plung’d them to a due depth under water, and there unftopping 
their upper ends, the furface of the oil they contain’d appear’d at the 
fame height above the water, it would have done had the tubes been ftrait ; 
__as we found by a cylindrical one fill’d and immerfed as the reft; tho’ the 
quantity of oil in one of thefe pipes were, perhaps, thrice as great as that 
in the ftrait one. Hence we may fairly conclude, that the preflure of 
fluids contain’d in pipes, muft be computed by their perpendicular height, 

how wide, long, or irregular foever they are. 


| SCHOLIUM. 

The learned Stevinus has a corollary from the preceding propofition, to 
this purpofe. If thro’ the upper furface of a concave cylinder, an open, 
cylindrical tube be erected perpendicularly, and the whole united cavity of 
_ both fill’d with water, the bottom circle will fuftain a preffure equal to that 
_ ofa cylinder of water, whofe bafis is that of the veflel, and height that of 
Vou. II. Rr the 
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Srarics. the tube therefrom. The truth of this paradox we attempted: to try in ~ 
ASYM the following manner. Having provided a latton veflel ABEHGF, — 
furnifh’d with a falfe wooden bottom CD, which was cover’d with a fine — 
bladder, and oiled about the lower edges, to facilitate its rifing from the — 
rim of wood HG, that lay every where contiguous to the infide of the 
metal, and kept the water from pafling between; to the middle of this 
loofe bottom we alfo faften’d a ftronz ftring, which came out at the orifice 
A. ‘Thro’ this orifice we then pour’d in water, which prefling the falfe 
bottom C D, help’d to tighten the veffel, and keep its parts clofe. When 
the whole cavity was fil’d, we faften'd the upper end of the ftring A, to 
the beam of a balance, and gradually placed weights in the oppofite {cale, 
till they elevated the falfe bottom CD, from the rim HG, and confe- 
quently lifted the incumbent water, which foon ran down between them. ~ 
Now, we had before-hand found what weight fufficed to raife the bottom 
CD, alone; deducting that, therefore, from the weight in the fcale, and 
comparing the remainder with the weight of as much water, as the fhallow — 
cylinder BECHGDF, would, alone, without taking notice of that in 
the pipe AB, contain; we, found the preflure upon CD, fo vaftly greater 
than could be attributed to the whole quantity of water made ufe of, had 
it been contain’d in an uniform cylinder of the fame bafis with our inftru- 
ment, that we thought it fome {mall confirmation of Stevinus’s do€trine ; 


Fig. 15. 


Fig. 16. 


tho’ the paradox itfelf be greatly queftion’d by fome men of learning *. 


* *T's now an eftablith’d propofition, 
that fluids prefs not according to their 
quantity, but perpendicular altitude; and 
may be demonftrated thus. 

LerABCDFE, be a veffel full of wa- 
ter. Now the column B F, being heavier 
than thecolumn HG, ’tis plain that if the 
veflel were open at H, the column GH, 
would afcend till it balanced the column 
BF: but fince it cannot afcend at H, the 
water there muft be prefs’d back by the 
obftacle, with a force equal to the 
weightof BL; for aétion and re-aftion 
are equal; and -all preffure here being 
reciprocal, the water at G, will prefs a- 
gainft the bottom of the veffel with the 
jame force. Now, as the weight of the 
column GH, is added to the former, the 
force of the water's preffure at G, will 
be the fame, as if the column GH were 
ofequal height with the column FB, that 
is, as if it reach’'d to M. And the fame 
reafoning is applicable to all the other 
columns in the veffel; confequently, the 
bottom of it ED, will fuftain the fame pref 
fure, as if the veffel were fill’d upto NO. 

This furprizing property in fluids feems 


applicable to confiderable purpofes; as it 
fhews us how an exceeding fmall quan- 
tity of matter may be made to fupply the 
place of one infinitely larger. 

Thus, for inftance, if the tube Fig. 17. 
AB, of the inverted fyphon 
ABCD, were clofe fhut, and the fmail 
pipe CD, fill’d with water to D, that 
little quantity CD, would exert fuch a 
force upon the larger, ABC, that if the 
cover of the great orifice were perforated, 
the water would be made to fly out there- 
at, as violently, as if part of the little 
tube, C D, contain’d as much water, as 
the great one AB. 

Again, if two cylindrical emboli were 


fitted to the tubes-AB, and CD; the 


weights Jaid upon them would be balan- 
ced, provided they were proportionable to 
the capacity of the tubes; that is, fup- 
pofe the capacity of the tube AB, was 
four times greater than that of CD, one 
pound laid upon the little embolus would 
balance the force of four pounds upon the 
greater. And thefe experiments might be. 
varied infinite ways. See Clark. Annot in 
Rohault. Pp» Alo, 
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PARADOX VIL | CARS 
| A body, immerfed in a fluid, fuftains a lateral preffure therefrom ; which increa- 
{ fes with the depth whereto ’tiy plunged. 


‘Bend a fmall glafs tube at right angles, into a longer and a fhorter part ; p, 3». 4 
then, by fuction, draw up oil of turpentine enough to fill the fhorter, ? j 
and to rife two or three inches high in the longer ; nimbly ftop the orifice, 
and immerfe the lower end of the tube under water ; fo that the longer leg, 

EF, may ftand perpendicularly to the furface A B, and the furface of the 
oil IK, but a little above the fame A B ; when, if the tube be unftoppd 
at E, the oil will continue as it was, and, confequently, there’s a lateral 
| preflure of the water againft the oil contiguous toG; for, nothing elfe 
_ could hinder the perpendicular preflure of the oil in the longer leg, from 

forcing it out ; as will farther appear, by gently raifing the tube, in the 
fame pofture, towards the top of the water; for, as the lower leg afcends, 

the oil will be driven out thereat, by the preflure in the other. And that 

the lateral preflure of the water againft the lower orifice is, before the - : 

tube be raifed, nearly the fame with the perpendicular preflure of a cy- | 
linder of water, reaching from the orifice G, to the top of the water; ap- 7 
_- pears from the furface of the oilin the longer leg, always continuing a lit- 
tle above that of the water ; as would happen, werea pipe of an equal | 
bore, continued from the orifice G, to the top of the water at H. But, : 
. farther, if the fyphon be plunged deeper into the water; the oil, by the la- : 
teral preflure thereof, will be gradually driven quite out of the fhorter leg 
into the longer ; and if you immerfe it {till deeper, a cylinder of water will 
rife in the fame longer leg, and fuftain that of the. oil, which is now no 
longer able to balance the lateral preflure of the water at fo great a depth; | | 
whence we find, that water has alfo a lateral preflure againft water, which | 
increafes proportionably to the depth ; for the external fluid, could not, 
otherwife, impel that of the fhorter leg into the longer, which it does by 
greatly exceeding the refiftance of the whole cylinder of oil therein. But 
if the tube be now gently raifed again, and the lateral preflure of the wa- 
ter againft the immerfed end thereby diminifhed, the oil will force the 
water firft out of the longer leg, and then out of the fhorter, till, at 
length, it leaves the orifice G, and emerges in drops to the furface. 
Again, when the oil in the tube isa balance for the external water ; if its 
fhorter leg be kept parallel to the furface thereof, and moving backwards 
and forwards any way at the fame depth therein ; the oil in the longer leg 
will appear at the fame height ; from whence ’tis plain, a pillar of water, 
with a bafis equalto the fide of the body immerfed, may be any where 
{upported in the containing veflel ; and that tho’ this imaginary column, as 
GH, be not included in any firm furface, its lower parts have, by means 
of the incumbent fluid, a lateral preflure, tending outwards againft its ima-. 
ginary fides ; and laftly, that this preflure increafes in proportion to the | 
height of the column of water above them. To conclude, if inftead of 
Rr 2 holding 
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Statics. holding the longer leg of our tube in a perpendicular pofture, it be vari- 


Fig. 19. 


\ 


oufly inclined to different angles with the furface of the water A B, fo that 
the orifice of the fhorter leg F G, may fometimes tend towards the top, and, 
at others, towards the bottom of the glafs; the oblique preflure of the 
water depends fo intirely upon its height above the orifice G, that the oil in 


the longer leg will ftill continue with its furface I K, but little higher than 
that of A B. 


SCHOLIA. 


1. We once attempted to difcover the quantity of this lateral preffure 
by the following experiment. Having obtain’d a glafs bubble X, with a 
flender neck, whofe gravity fell very little fhort of that of water; and provided 
a large wide-mouth’d gla{s, exa€tly fitted with a cork, perforated in the mid- 
die, to receive, perpendicularly, a long, flender, glafs pipe, that defcended 
confiderably below the cork, wherein, alfo, was another hole, near its edge, 
for a fecond {mall pipe to pafs thro’, whofe upper end reaching only two 
or three inches into the air, was firmly clofed ; then the veffel being filled 
with water, and the bubble fuffer’d to float thereon, the cork was applied, 
and well cemented to the mouth of the glafs, fo that nothing could pafs 
in or out of the veffel, except thro’ the long flender pipe; all the other vents 
being carefully ftopp’d with cement. When things were thus prepared, 
and the bubble was made to floatat a confiderable diftance from the deeply 
immerfed end of the long tube, we poured water thro its upper orifice E, 
which, for want of other vent, afcended back again into the fame ca- 
vity ; and if the’ water therein was only permitted to rife as high as I, 
for inftance, the bubble X, would ftill continue a-float: but if the water 
rofe to K, the bubble prefently fell to the bottom of the veffel, and remain’d 
thereat while the water ftood to the fame height in the pipeE F ; but ifthe 
height were diminifh’d, by pouring fome of the water off, the bubble would 
re-afcend. Hence we fee, that the upper parts of water gravitate on the 
lower ; and that, in a full veffel, the fame thing happens, tho’ the former 
be not directly incumbent on the latter, but at a confiderable diftance 
from the line of their dire€tion ; for the additional cylinder of water KI, 
acting like any other heavy body upon the water, caufes the bubble X, 
to fubfide. And, fince the air included in this bubble, was remarkably 
condenfed, it follows, that the cylinder of water K I, prefled upon the 
fubjacent fluid in the vefiel ; for otherwife the air in the bubble could not 
have been comprefs’d : and. as this bubble floated onone fide, at a tolera- 
ble diftance from the pipe E F, and above its lower orifice F ; ’tis evident, 
that thecylinder of water IK, preffes as well laterally, as directly, upon 
all the bodies that lie beneath its furface. And thus every affignable part 
of the fides of the veflel, fuftains a preffure proportionable to its depth un- 
der water, and its own magnitude: if, therefore, any part were fo weak, 
as to yield tothe weight of the cylinder IK (due allowance being made 
for the obliquity of the preflure) “‘twere unfit to enter the compofition of 
our glafs. Even the cork itfelf, refifts a preflure proportionable to the 

breadth 
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breadth of its under furface, and the height of the cylinder KI; and might, Sratics. 
therefore, if not too ftrongly fafter’d, be raifed thereby ; fo that if the ce- % 
ment fhould fail, the water would forcibly iflue out of its vents. Thus, 
alfo, the ftopple G, of the fhort pipe GH, may, by this means, be vi- 
— olently thruft out of its place, as will more fatisfactorily appear, by 
{topping the orifice at G, with your finger, which will, there, be ftrongly 
preis’d upwards. | 

2. To fhew that the very oblique preflure fuftain’d by the bubble, from 
the water in the long tube, differ’d not confiderably from that of water 
placed dire¢tly over it, I fettwo fuch bubbles feparately a-float in long cy- 
lindrical glaffes of water, when, if they were plunged but to a {mall depth, 
they would rifeagain to the top; fo that I was obliged to immerfe them 
to a confiderable depth, before the preffure of the incumbent water would 
fink them. 

3. We may here, alfo, obferve, how the preflures of fuch different flu- 
ids, as air and water, will communicate. For, having fometimes left a 
{mall part of our veflel ABCD, unfill’d with water, fo that air remain’d 
between the furface L M, and the cork ; the preflure of the water in the 
pipe from I, to K, would, if the cork were tight, caufe the bubble to 
fink, as ifthe veffel had been wholly fill’d with water ; the comprefs’dand | 
-imprifon’d air above LM, communicating the preffure it receiv’d to the. 

contiguous water. 


3 PY ASRS AS DY Gs Vie : 
Water will as well deprefs, as fupport a body fpecifically lighter than itfelf. 


We have proved, that the upper parts of fluids gravitate upon the lower;. 
or bodies immerfed therein. Now, whena body is unequally preffed, it 
muft neceflarily move from that place where.the preffure is greateft, to 
where it is leaft ; whence, if a quantity of oil, hath its upper furface alone, 
expofed to the preflure of water, and nothing be in the way to hinder its 
defcent, the oil muft neceflarily be deprefs’d, and not buoy’d up thereby. 
To illuftrate this by an an experiment ; take a {mall glafs fyphon E F GH, ¥¢. 2» 
with its fhorter leg GH, 3 or 4 inches long, and parallel to the other 
EF; plunge the fhorter into oil of turpentine, till it be quite filled, and the 
fluid reaches to an equal height in the longer, as from F, to I ; then ftopping, 
with your finger, the orifice E, of the longer leg, immerfe them both-a little 
under water: remove your finger, and as you gradually plunge the fy- 

phon deeper, the oil, in its fhorter leg, will fink, and, at length, wholly 
_ rife into the longer ; which fufficiently proves and illuftrates our propo- 
Bibion. =. 


SCHOLIU™M 


At once to confirm the ape paradox, the feventh, and the fecond, I. 
took a flender glafs pipe OP NML, and fuck oil of turpentine into Fg. 2% 
its | 


31D Fydroftatical Paradoxes, = | 
_ Srarics. its lower orifice L, till it reach’d to P, in the longer leg, in a level with L; ~ 
 AY™ and, ftopping the upper end O, with my finger, I plunged the tube to a 
ak convenient depth under water; when, removing my finger, the external 
fluid firft drove away the oilin LM, then depyefled it from’M to N; 
cand laftly, wholly impelled it into the longer ler NPO; fothat the oil 
was, here, evidently prefled not only laterally, but alfo downwards, and 

t | upwards. Rho é ! | 


oe PARA DORE Ie | 
| -Notwithftanding the doctrine of pofitive levity, an oil, lighter than water, muy 
ac. | be kept immerfed in that fluid. 


_ Since the furface of ftagnant water is, phyfically fpeaking, horizontal ; 
that part which prefles againft the lower fuperficies of an immerfed — 
-body, muft be deeper than that. which prefles upon the upper : if, there- 
fore, the water incumbent on the upper part of a body, can: be. made to 
ftand at a greater height than the reft of the fluid wherein ’tis immerfed, 
fo as to balance what prefles againft the lower ; oil may be fufpended be- 
twixt two parcels of water.. To reduce this theory to pra¢tice, I fuck’d 
iFjg.22, “water into a ftrait, flender glafs pipe IP, to the height of an inch, and 
~ there held it fufpended, by ttopping the upper orifice with my finger ; then 
plunging the lower end of the tube, two inches below the furface of fome 
oil of turpentine, deeply tinged with copper, whereby’ the oil, driving up 
‘the water, afcended to the height of an inch in the lower end of the 
pipe; when, I again clofed its upper end, to keep both liquors fufpended. 
In the next place, I plunged the tube into a glafs of water, three or four 
inches below its furface; fo that the water, upon the removal of my fin- 
ger, was prefled into the lower end of the pipe P, to Q,impelling up the 
‘oll QR, to R, and the incumbent water to TS at which ftations, the 
‘three feveral parts of oil and water together, prefs upon P, as much as 
the external water upon the other parts of the fame plain GH; yet the 
oil QR, afcends not, becaufe the water RS, ‘is kept from defcending be- 
low it, by the fides of the tube ; whilft its upper furface T S, ftands higher 
than AD, that of the reft of the water: by which means, the incum= 
‘bent fluid may be made to prefs upon the upper furface R, of the cylin- 
der of oil, as forcibly as the water prefles againft Q, the lower furface 
of the fame; whence the oil will remain fufpended. | 


PARA DIOR Ax. 
By The afcent and flux of water in fyphons, are explicable, without Juppofing a 
| Fuga vacul. : 


Provide a cylindrical glafs ABCD, both wide and deep, as alfo, a 
fyphon F K G, with unequal legs, communicating with a long cylindrical 
pipe K E ; to each leg of this fyphon, fix a cylindrical glais I, and H, filled 
swith water, as inthe fcheme, that the water may run from the “ee 

glais 
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glafs. I, intothe lower H ; then, while the pipe EK, is held fill, pour Srarics. 
oil of turpentine, gently, into the cylinder ABCD, till it rife above the UWS 
top of the fyphon F K G; when, the oil preffing on the water, will raife ir 
into the legs of the fyphon, and force it out of the veflel I, into H: in which, 
cafe, *tis manifeft, the water runs thro’ the fyphon, whilft the air has free. 
admiffion thereinto, at the orifice E ;. fo that nature’s abhorrence of a va-- 
cuum, cannot be the caufe of this flux. <A juft folution of the phenome- 
non may be had from confidering the preflure of the oil, and the fituation, 
of the veffels ; for, that fluid afcending higher than K, prefles upon the fur- 
face of the external water, in the glaffes I, and H, wherein the legs of the. 
fyphon are plunged, and forces it up into them; but as the excefs of wa- 
ter in the glafs I, proves an over-balance for the greater depthof oil in. 
the glafs H, the water is obliged to run from the fhorter leg into the longer. 
Thus it happens in fyphons ; when once the water is brought to run thro” 
them, the air gravitates upon the furface of the external fluid, wherein 
their legs are plunged, and not upon that which they contain ; and, there- 
fore, tho’ the incumbent air, ftands a little higher over the fluid in the 
lower veflel, than in the upper, yet the water in the longer leg, greatly 
over-balancing that in the fhorter, it muft needs flow out at the latter. 
And the preflure of the external air being able to raife water to a much 
ereater height than that of the fhorter leg, the efflux will continue till. 
fome other caufe put a ftop thereto. But if the legs of a fyphon exceed. . 
35 feetin perpendicular altitude, the water will not flow thro’ them ; be- 
caufe the preflure of the external air is unable to raife water to that. 
height. So, likewife, were an hole made in the top of a fyphon, whilft 
water was flowing thro’ it, the flux would prefently ceafe; for the air, 
then preffing, aswell within as without the fyphon, would return the 
water in each leg to its proper veflel. Toconfirm this particular, I pro- — 
‘eured two fyphons, the one of tin, the other of glafs, each of which had. 
in the upper part of its bend, a {mall perforation, which I could ftop 
with my finger, or open at pleafure; wherein I frequently perform’d the 
experiment. And having once carefully ftopp’d one of the above-men- 
tion’d holes, with oiled paper and cement, and found the water. to run.- 
freely thro’ the fyphon; yet a puncture made in the paper, by the point. 
of a needle, admitted air fufficient to make the water in the legs fall’ 
back, before. I could poffibly {top the needle quick .enough into the hole. - 
to prevent it. si 4 ‘ | 


iy PAR Ags) Xo XE | 
The moft ponderous folid body we know, immerled in water.to a depth exceeding « 
that of twenty times.its own thicknefs, will float, if it be there fenced from the . 
direct preffure of the incumbent fluid. | 7 


Let a deep glafs veflel ABC D, be almoft fill’d with water; wherein if a Fig. 24: 
fmall cylinder of brafs EF, be immerfed, till its upper furface is juft co- 
ver'd, and then let go; it muft, by reafon of its greater {pecific gravity, 
necena= 


> 

> 

; be , 

“| 
cS a " 4 : 


yi | 


7 1) yt Bal 2 ed hr > Aba a « _ S eetale Mie df oy D twas ssGee) 4 Pete Ce i oe |i ol? ie, oa hb db Ge 
ee 54 pA Sen LA wi i Wyte a Bey: "he i 23 eae ae eRe ietincrs ES , ton Th gr aes FX deel 
; F Bie Me est MD eae) ‘ 


ety We 


Bs, 


% 3 “ ‘ 
x ast 3. Pe a: : 


+ 


ms 


Hydroftatical Paradoxes, be 


iy 


Sratics. feceflarily fall to the bottom. But, were it placed on the plain IK, which | 
LFV lies at above the depth of nine times the body’s thicknefs below the upper 


Bs - » Fig. 2 5° 


\ 


furface of the fluid ; I affert that it would not defcend, unlefs it were preffed 
downwards by the weight of the incumbent fluid. For brafs being nearl 

nine times fpecifically heavier than water ; the body EF, alone, would revs 
upon the part F, as much as a cylinder of water, of an equal bafis, but 
about nine times the height of the brafs; and, confequently, the part F, 
will be no more depreffed, than any other part of the plain IK. But 
fince water gravitates on water, and alfo upon bodies heavier zz Jpecie 


‘than itfelf, if immerfed therein ; the brafs-cylinder EF, wherever it refts 


‘in the fluid, muft be forced downwards, both by its own weight, and 
that of the incumbent water. But were the incumbent water prevented 
from gravitating thereon, it follows, that the body would, at that depth, 
be kept fufpended. And, in cafe the body refted, in like manner, upon 
the plain LM; the much greater preflure of the water on the other parts 
of the fame furface, would impel it upwards, with a force proportionable 


_to the difference of their refpective weights. 


And having found, by exact tryals, that the pureft gold, the moft pon- 
derous body we know, is not quite twenty-times fo heavy as an equal 
bulk of water; if this metal, alfo, were immerfed into a greater depth 
than that of twenty times its own thicknefs, and there fenced from the 
preflure of the incumbent water; it muft neceflarily float. ‘To confirm this 
by an experiment. Suppofe the brafs-body EF, to be the cover of a brafs- 
valve, and the valve itfelf ftrongly cemented to an open glafs-pipe OP; 
when, the body EF, being the lower part of the initrument, and every 
way detached therefrom, would fall by its own weight, if unfupported. 
Then to the button Q, faften a thread, which, by being pulled upwards, 
may caufe EF, to clofe the orifice of the valve: the valve being now 
plunged under water, to the depth of a foot, the cement, and the fides of 
the pipe OP, will prevent the fluid from preffing upon the upper part of 
the body EF; and, confequently, that part of the plain V W, contiguous 
to its furface, will be prefs’d upon only by the weight of the body EF, 
but in its other parts by that of the incumbent water; fo that, letting go 
the ftring which held the body EF, clofe to the inftrument, chat body will 
remain fufpended by the bare preflure of the water beneath it. And that - 
this alone is the caufe of the phenomenon, appears by gently raifing the in- 
ftrument towards the top of the water ; for when it has afcended near the 
furface, fuppofe between the plains 1K, and XY, the body EF, will fall 
down, and the water rife inthe pipe OP, to a level with that in the con- 
taining veffel. But if the valve be at firft plunged much deeper under wa- 
ter, before the ftring be relaxed, for inftance, to the plain SR, the valve 
EF, will require a confiderable weight, as L, befides its own, to disjoin 
it: but if the weight prove infufficient for the purpofe, it may foon be — 
render’d effe€tual, by raifing the inftrument, far lefs than before, towards 
the top of the water. | 
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This experiment renders it unneceflary to fly to a Fuga vacui for a reafon 
why two flat polifh’d marbles, when they adhere, require a_confiderable 
force to disjoin them ; they being preffed together by air of an immenfe 

height, after a like manner with our valve, and the inftrument, here, by 
water ; which requires the great weight L, to over-balance it, fo as to 


force them afunder. 
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MATERIA MEDICA 
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wubence ? 
fluid or foft, are incorporated therewith, and afterwards hardned 


into ftones; fo it feems very probable, that feveral boles, clays, earths, 


and efpecially minerals, Oc. may be endow’d with confiderable medicinal 


virtues, and, perhaps, greater than thofe of the finer gems; becaute herein 
are often found, more of the metallic and mineral parts, which, whilft iz 


Foffis, their me- A S the virtues of gems preceed,. chiefly, from the metalline and mi- 
icinal virtue, 


neral fubftances, that, whilft their original matter remain’d either — 


folutis principiis, might very plentifully infinuate themfelves into the more — 
open bodies, and there fit loofer than in diamonds, rubies, fapphires, Oc. ¢ 


which Aqua fortis, itfelf, is unable to penetrate and diflolve. 


A nw vay of I, therefore, thought it might be of ufe to phyficians, mineralifts, and 7 


ras sip Miners, to advance a new way of examining foffils; for tho’ the method 


im 


itfelf pretends not, direétly, to difcover more than one quality of the body _ 


it examines ; yet that quality, being its fpecific gravity, is fo confiderable, i 


that it may lead one farther than might, at firft, be imagined. 


tts foundation. + Refleting that rock-cryftal is of the moft pure, and homogeneous kind of _ 
| ones; I pitched upon this for the ftandard, whereby to adjuft and afcer- 


tain the purity and fimplicity of other mineral fubftances. | 


os 
ye 
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By carefully weighing feveral pieces of native cryftal, clear and colour- Stratics. 
lefs, firft in air, and then in water, we found its proportion to clear wa- \ 
ter, of the fame bulk, as 2+ tor, nearly. Thus, if a hollow, metalline 
cube be exaétly fill’d by one ounce of water; and afterwards, again, as 

exactly fill’d by a cubical piece of rock-cryftal, that bulk of the ftone will 
‘weigh about two ounces and a half. Some of my trials, indeed, made with 
tender balances, reprefented the proportion of thefe two bodies, witha 
very inconfiderable variation ; but ‘tis probable, that different pieces of 
cryftal, tho’ of equal bulk, may not have precifely the fame weight : how- 
ever, the difference is fo fmall, that it may here be fafely neglected. 

And to prevent any feruple about the origin and nature of cryftal, I 
fhall add, that I procured fome ftrong ificles, that had been faften’d to 
vaults, @c. as bodies that would be acknowledg’d true ftones, and yet to 
have once been in a liquid form: and having hydroftatically examin’d 
thefe concretions, their {pecific gravity appear’d to be little differing from 
that of cryftal. | 

To apply this fundamental obfervation to the prefent occafion ; when I 
--would, with probability, difcover whether the mere {tony matter of a mine- 
‘yal body were mix’d with fome adventitious fubftance of a metalline na- 
ture, or of fome other mineral more ponderous than cryftal; I carefully 
weigh’d it, as we faid, in air, and then in water: when, if its proportion 
to water of the fame bulk, exceeded that of 2 to1, or § to 2, I conclude 
it probable, that the concrete had in it a portion of foreign matter {pecifi- 
cally heavier than cryftal, proportionably to the excefs of the weight of 
the folid body above that of an equal bulk of water. To illuftrate this 
procedure by example. 

The magnet, upon account of its great hardnefs, is ufually reckon’d ars 
among ftones; but having obferv’d a particular kind thereof, to be appa-gostrinn 
rently more ponderous than common ftone, of equal bulk, we weigh’d them 
in air and water; and found the fpecific gravity of fome of them fo far to 
exeeed that of cryftal, or marble, that we concluded they contain’d a con- 
fiderable quantity of metalline matter, which, by collateral experiments ap- 
pear'd tobe of a ferruginous nature. 

Emeri is commonly reputed a mere ftone ; but finding its weight in wa~ 
ter confiderably to exceed that of an equal bulk of cryftal; for it was to 
that liquor nearly as 4 to 1; I conje€tured, that it containda metalline 
fubftance ; as afterwards, by proper trials, I found it did. 

By the weight, alfo, of Lapis Hamatites on my hand, I conjectured, it. 
largely partook of a metalline ingredient ; and prefently I difcover’d that 
iron or fteel was contain’d therein. And, in general, I have frequently 
fufpected different bodies to be of a metalline or mineral nature, and was 
feldom miftaken in my conjecture ; tho’ they have commonly been thought 
tocontain no fuch fubftance. The fame thing I, likewife, found true, even 
in granats and American talc, from which I have extracted metalline parts. | 

But we muft here fet down fome preliminary obfervations. And firft, Preliminary ob- 
af a propofed foffil be much eae an equal bulk of cryftal, it amie ate ye 

2 almoft 
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Sratics. almoft certain it cannot be a metalline ore ; and this negative proof is here 
ASW ufually ftronger than the affirmative kind. Thus, for inftance, when I 
find that jet, tho’ a foffil, has a far lefs {pecific gravity than cryftal, I 
conclude it to be no metalline body. The like determination I make as to 
foffil-amber, Sulphur vivum, common fulphur, Exglifh and Venetian talc, 
and fome other firm concretions, which are dug out of the earth: among 
which, Ialfo rank black-lead., For having found its weight to that of 
water as 1.86 to1, L afterwards diicover'd it to be not lead-ore, but a par- 
ticular kind of mineral, and near allied toa fort of talc that I have met 
with. | 

2. We muft diftinguifh between the feveral ufes to be made of foffils by 
men of different profeffions. So that if a fofiil be found very little heavier 
én foecie than cryftal or marble, it may, poffibly, have a metalline or mine- 
yal portion, which, however {mall in quantity, will perhaps entitle it to 
the efteem of a jeweller, phyfician, or chymift. But if this excefs of its 
{pecific gravity be inconfiderable, the foffil itfelf will prove of little price 
toa mineralift; for if it be poor in metalline fubftance, it may chance to 
be hardly worth the working. _ 

3. But tho’ the great ponderofity of a foffil generally proceeds from a 
proper metalline fubftance embody'd with the other parts thereof, which 
fhews it not to be a mere ftore; yet this, alone, is not a fure fign that the 
mineral part is properly metalline : and, therefore, where any doubt arifes, 
we fhould have recourfe to collateral figns. For, befides metalline ores, 
properly fo call’d, there are other foffils, which, tho’ of affinity to metals, 
may be diftinguifh’d from true metalline ores ; fuch, for inftance, are anti- 
mony, bifmuth, Lapis Calaminavis, and marcafites. But there will not, 
perhaps, occur many cafes, wherein we need to have recourfe to collate- 
ral figns, to fhew whether the mineral part of a foffil be, in a ftrict fenfe, 
of a metalline nature, or not. For fuch femi-metals are moft commonly 
found either in veins, mafles, or great lumps of their refpective kinds; and 

-eafily difcover to what fpecies they belong. I have, indeed, receiv'd.a lump 
of matter from Devonfbire, wherein I found fome antimony mix’d with 
lead, which was the predominant body. But fuch mixtures occur fo fel- 
dom in Exgland, that our way of eftimating ponderous foffils, will, never- 
thelefs, be ufeful on moft occafions. 

4. Iwo different eftimates may be made of the fpecific gravity of ores ; — 
one, when the body propofed is weigh’d in its natural itate, that is, as 
it comes out of the earth, accompanied with the fpar, or other heteroge- 
neous matter, that firmly adheres to it; and the other, after it has been 
beaten {mall, and feparated from heterogeneous fubftances by the help of 

-water, after being skilfully agitated, wherein there is a remarkable diflerence 
in weight between thefe and the genuine parts of the ore; which being thus 
fever'd from the reft, are call wafhed. ”Tis {cmetimes, alfo, very pro- 
per to prepare the ore by roafting it once or more, or by keeping it for 
feveral hours in a competently ftrong fire ; as is ufually practifed in pre- 
paring copper-ore; efpecially if it be ftubborn. I purpofely mention thefe 

two. 
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two ftates, wherein the weight of an ore may be taken, becaufe I have Srarics.. 

obferv’d, that, in feveral cafes, ‘tis of great importance to diftinguifh them LAYS 

cirefully. For feveral ores, which, in their natural ftate, have too little 

{pecific gravity, to make them judg’d worth the charge of being wrought, 

may yet, after they are prepar'd by water and fire, afford a metalline por- 

tion, fo ponderous, as to allow one to fufpect they contain either filver 

or gcld. I remember, that a piece of lead-ore, brought from. Ireland, 

feem’d to me fo light in the lump, that [thought it deferv’d not to be 

wrought for lead; yet, afterward, upon trial, it appear’d fo well ftor’d 

with particles of filver, that I encourag’d the owner of the mine to work 

it. , 

s. There is one kind of minerals that I have obferv’d toimpofe upon*men-15 diftingnifs 

fo frequently, that I thall take a particular notice of it. For, not to men ™arzfites jrom 

tion examples from travels, and voyages, I have myfelf met with numbers es 

who had great expectations from marcafites. And I have receiv’d not only 

from places near home, but even from: the Jidies, foffils, whereof my opi- 

nion was defir’d ; which I found to be only marcafites.. Many of thefe 

foffils have two qualities, that make them fit to delude the vulgar ; for, 

they fhew a multitude of fhining ftreaks, refembling gold ; or have, at the. 

fame time, a weight equal to that of true metalline ores. Marcafites, | 

then, being thus adapted. to impofe upon the unwary, I have had much | 

ado to undeceive fome perfons, as to the pleafing confidence they had en- | 

tertain’d, that thefe promifing foffils were lumps of rich gold, or filver- , 

ore. Wherefore, fince their weight, the criterion of minerals, is one of 

the two things that delude fo many, I fhall give a few inftances of the {pe- 

cific gravity of marcafites, to make it appear, that fome of them are, bulk 

for bulk, far more ponderous than true metalline ores. And, indeed, the - 

great ponderofity of foffils, has feveral times occafion’d me to determine, 

before trial, that they were marcafites. But, to prevent being impos‘d 

on, by this, or the like fpecious fubftance, it is but placing it in a ftrong 

fire, and blowing, now and then, witha pair of bellows; for, by this 

means, the fulphur wherewith marcafites abound, will take fire, and burn 

with a flame for the moft part blue, like that of common fulphur : fo that 

once, by diftillation, in a clofe veflel, I obtain’d four ounces of good brim- 

ftone, from three pounds of thefe ftones. And, if when this foffil ceafes to. 

flame, and fmoke, it be taken out of the fire, and futfer’d to cool, it will - 

be depriv'd of all its gaudy appearance, and turn’d to a brittle, blackifh 

fubftance, very different from that of a proper metalline ore. Marcatlites, 

however, may belook’d uponasa kind of metalline bodies ; for, 1 have 

found feveral of them to contain, not only particles of copper, but alfo of | 

iron, or fteel; for, after calcination, applying the pulveriz’d remains, toa 

vigorous load-ftone, great multitudes of chalybeate corpufcles quickly ad- 

hered thereto. And, I remember, in a catalogue of the foffils of Mifuia,. 

publifhed by Kentmaunus, under the head of Pyrites, he places feveral mar- 

- eafites ; fome whereof contain’d copper, others filver, others gold, and 

others, again, both filver and gold. Having prefented a very fine gees 
ie 
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Srarics. fite to the overfeer of one of the emperor’s beft mines, he prefently exa+ 
ASV min'd it, by a peculiar way, with hopes to find in it fome gold or filver ; 


- 'Diveétions to 
« find the beft 
| flux-powders, 


for fofils. ~ 


but, inftead thereof, obtain’d a parcel of running mercury, which he pre- 


fented me. Notwithftanding the caution here given, Ido not deny, but 


that “tis poffible, for a skilful artift, to make a profitable ufe of marcafites, 
either by fixing the volatile gold, or filver, to be found in fome of them 5 
by graduating filver by their means, O’c. But that for which I much more 
value them, is, what I defire fhould be well remark’d, that I am perfua- 


ded, if they were fimply, and, of themfelves, but dextroufly handled, - 


‘they may afford very noble and uncommon medicines, particularly excel- 
lent in continual fevers; tho’ their ufual operation be almoft infenfible, un- 
lefs by their good effects. 

6. 1 muft not ‘here omit, that tho’ many, who make trials of ores, va- 
Jue their own flux-powders, or fuch as are cry’d up by others ; yet they 
commonly feem to expect nothing from thofe they prefer, more than that 
they fhould beft facilitate the fufion of the ore ; as that which being once 
done, the metalline part will feparate by its own weight, or, as it were, 
{pontaneoufly. But yet, having purpofely examin’d the matter more nice- 
ly, and compared the quantities of metal obtain’d from two portions, of 


equal weight, of the fame ore, we found thofe proportions confiderably 


differ’d ; tho’ that which yielded leaft metal, was flux’d down with a 
coftly, and well-adapted powder. And, I doubt not, but from other me- 
talline ores, a greater quantity of pure metal is obtainable, by fome 
flux-powders, that are but little employ’d, or known; than by others, 
that are much more famous and common. ‘Thus two equal portions of the 


fame lead-ore, clear of {par ; being, the one reduced with a due weight of — 


nitre and tartar fulminated together, afforded me a much lefs proportion 


of malleable lead, than the other, by means of half, or a quarter the quan= 


tity of filings of iron. And, to inftance in a much more precious mineral 
than lead-ore, I try’d the like with fome ounces of good native cinnabar, 
finely pulveriz'd ; by adding to one half a fix’d alkali of tartar, and to the 
other, a different flux-powder, we obtain’d from the former, twice as 
much mercury, as we did from the latter, tho’ diftill’d with a fix’d alkali 
even of a mineral nature. 


Direétions vela- 7, Befere we proceed farther, “tis neceflary the reader be acquainted 


ting tothe ma- 


magement of 
bydroftatical 
balance. 


Fig. 26, 


ibe With the method of weighing heavy bodies in water ; which being liable 


to feveral contingencies, “tis proper in this place to take notice of the more 


confiderable ones. 


But, firft, to give a general notion of the thing, Idefire the figure of . 


the hydroftatical balance itfelf, with all its apparatus, may be view ; 
wherein A A, isthe beam of the balance, B B, the difhes, C C, the frame where- 
on the beam is fufpended ; with D, its fliding focket; E, the arm ; withF,a 


pulley ; over which, and G, another pulley pafles H, a line faften’d to I, a — | 


moveable weight ; by which the beam 1s elevated and deprefs’d. K, is a hair 
wherewith to fufpend L, the body to be weigh’d in the water of M, 
the glafs ciftern. WN, is the bucket for liquors, O, the box of grains, P, 


the — 


—— 
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The Hydroftatical Balance. 


se, 


wht 


the forceps, wherewith to manage them, Q,, the pile’of weights, R, the Srarics. 


handle of the balance, andS SSS, the table. 


The folid body to be oe fhould be ty’d about with. an horfe-hair, 
of a competent length, and fa 
of an exaét and tender balance; that the body, having been carefully 


weigh'd in the air, may be immerfed in a proper veflel, almoft full of. 
fair water, fo asto hang freely therein, and be on every fide encom~. 


pafs’d with the fluid. This done, put weights into the oppofite fcale, to 
balance the body hanging in the water ; when the beams of the fcale will 


_ he horizontal, and the weights employ’d give that of the body in water, 


Deducting, therefore, this weight from the weight of the fame body in the 
air;.by the remainder, that is, the difference of the two, divide the whole 
weight of the given body in air ; and the quotient will thew the propor- 


tion in fpecific gravity, between the folid, and an equal bulk cf water. . 


To illuftrate this by an example, we put a fine piece of white marble, 
which feems the moft pure of any common opake ftone, into an exaét ba- 
lance, and took its weight in the air 1169 grains ; then a horfe-hair being 
tyd about it, and the other end of the fame hair, faften’d to one of the 
{cales under which, at a convenient diftance, was placed a deep glafs, almoft 
full of fair water ; we fuffer’d the ftone to. hang frosty beneath the furface 
of the fluid ; and, in the oppofite fcale, placed weights enow to bring 
it to an equilibrium with the other. Thefe weights amounted to 738 
grains, which gave us the weight of the marble in water ; which being 
fubftracted from the weight of the fame ftonein air, there remain’d 431- 
grains for the weight of the equal bulk of water : by this remainder, we 


divided the weight of the marble in air, viz. 1169, and found the quo-- 


tient to be 2.7 nearly, for the fpecific gravity of white marble to wa-: 
ter. 
“Tis here manifeft, from the nature of the thing, that the body propos’d 


to be weigh’d, muft be heavy enough to fink in water; otherwife 


its weight in the fluid cannot be fignificantly deduéted from its weight in 
air; but if there be occafion to weigh in water, a body lighter iz fpecie 
than water, it may be done, tho’ with difficulty, by joining to it another 
body, that is able to fink it. 

8. A horfe-hair is made choice of for hydroftatical operations, becaufe 
*tis thought to be of the fame {pecific gravity with water; and tho’ that 
be not ftrictly true, yet a horfe-hair is fitter to be employ’d in thefe tri- 
als, than any other ftring I know of ; and its weight ufually differs. fo 


~ little from that of water, that the difference may be fafely neglected : but 


me 


if the folid propofed, be too heavy to be fuftain’d by a fingle hair, feve- 
ral of them may be twifted together. | 
9. I fometimes had oceafion to examine bodies hydroftatically, which, by 
reafon of their roundnefs, or other inconvenient figure, could not welt 
be faften’d to a hair; in which cafe I ufed hairs interwoven into a kind 
of a {mall hoop-net, the meafhes whereof would not fufter the body to flip 
thro’ thenr. : 
to. And 


end at its other end, to one of the feales,. 
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——  Searics. iro. And ‘here let it-be noted, once for all, that whenever any hydro- 
LYN fhatical trial is made, by means of a horfe-hair, there muft be put into the 
| -oppofite fcale, as much of the fame hair,as feems equal to what fuftains 
ithe body, and appears above the furface of the water ; for that fluid only 
‘takes off the weight of as much of the: hair asis immers'd init : fo that its 
“animmers’d part adds to the weight of the pendulous folid; and, therefore; 
-ought to be compenfated by an equal weight in the other {cale. yin 
tt. When I referv’d a balance for hydroftatical trials, I found it conve- 
nient, on feveral occafions, to take off one of the fcales, with the ftrings 
belonging to it, and fubftitute, in its ftead, a piece of metal, of .a coni- 
cal, or other convenient figure, and equal in weight to the-oppofite {cale ; 
as alfo, at the fame end of the ftring, to faften one end of the horfe-hair 
that tied the body to be weigh’d in water. And fometimes, likewife, 
when Idid not take off one of the fcales, I caufed it to be, perforated in 
the middle, without leflening its weight; that fo the body to be immers‘d, 
anight hang perpendicularly from the centre of the icale. . 

12. Care mutt be taken, that the body to be examin’d, hang freely in 
the water, fothat no part of it, any where, touch the bottom, or fides 
of the veflel, or reach above the upper furface of the water it contains ; 
for, when any of thefe circumftances are negle¢ted, the true weight of 
the folid is fomewhat alter’d : and if any part of the body, or horfe-hair, 
“eis tied with, appears above the water, it adds to the weight thereof. 
‘And, as nothing but the water is to touch the hanging body, fo, no part 
of the fluid mutt touch the fcale from whence it hangs... I have feveral 
times obferved, that immers’d bodies have been concluded to weigh more 
in water than they really do, froma neglect in obferving, that if the ftring” 
be too-fhort, or the veflel too full, the vibrating motion of the balance will, 
atone time or other, carry down the fcale to which the fufpended body is 
tied, fo as to make fome part of it touch the furface of the water; a favs 
drops whereof will readily ftick to it; which, becaufe they adhere to its 
under part, may lie conceal’d from a heedleis eye, fentibly add to the: 
aveight of the feale, and make the body be thought heavier than it naturally 
is: an error very prejudicial, when exact experiments are required. 

13. But the moft ufual caufe of miftakes, in hydroftatical trials, pro- 
ceeds from hence, that the given folid, and the ftring whereto ‘tis faftned, 

: carry down with them particles of air; which, perhaps too, may extricate 
others that lay conceal’d in the pores of the liquor, in the form of bub- 
bles. Thefe aerial particles faften themfelves to the little afperities they 
meet with, on the furface of the immers’d body, and like fo many little 
‘bladders of air, endeavour to buoy up the body they adhere to ; and, there- 
fore in proportion to their number and bulk, leffen the due weight of the 

-gmmersd bedy, in water. Great care, therefore, muft be had, in nice ex- 
periments, to fhake the ftring, and warily knock the body againft the fides 
of the glafs, that the adhering bubbles may thereby be difplac’d, and 
emerge to the top ofthe water. And, on fome occafions, this caution fhould 
be ufed more than once in the fame experiment ; becaufe I have often cb- — 


ferv'd, : 


_ 
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* fire, the explofton will be more violent, 
*‘ and quick, than that of gun-powder a- 
lone; which cannot proceed from any 
** other caufe, than the a€tion of the va- 
pour of the gun-powder upon the falt 
“ of tartar, whereby the fale is rarified. 
“ The explofion of gun-powder arifes, 
“ therefore, from the violent action, 
“* whereby all the mixture, being quickly 
‘¢ and vehemently heated, is rarified, and 
* converted into fume and vapour ; which 
“ vapour, by the violence of that a&ion, 
“becoming fo hot as to fhine, appears 
“¢ in the form of flame.” 

The following query is fo beautiful, and 
opens fuch a glorious {cene, that I fhould 
be tempted to add it, tho’ it bore a lefs 


‘relation, than it does, to the prefent fub- 


. 


“4 


ject. 

‘* Do not ” continues the fame great au- 
thor, “ large bodies conferve their heat 
“* the longeft ; their parts heating one a- 
“nother? And, may not a great, denfe, 
“‘ and fixed body, when heated beyond 
“ a certaindegree, emit light fo copioufly, 
‘as, by the emiflion, and re-a&tion of its 
S¢ light, and the reflexions, and refraGtions 
i of its rays, within its pores, to grow 
** till hotter, till it comes to a certain pe- 
€ riod of heat ; fuch as is that of the fun ? 
* And, are not the fun, and fixed ftars, 
“‘ sreat earths, vehemently hot ; whofe 
“heat is conferved by the greatnefs of the 
“* bodies, and the mutual aftion, and re- 
** ation between them, and the light 
“‘ which they emit ; and whofe parts are 
“‘ kept from fuming away, not only by 
“ their fixity, but, alfo, by the vaft weight 
** and denfity of the atmofpheres, incum- 
“ bent upon them ; and very ftrongly com- 
‘ prefling them, and condenfing the va- 


“* pours and exhalations which arife from 
“them ? For, if water be made warm, in 
“‘ any pellucid veffel emptied of air, that 
‘* water, in the vacuum, will bubble and 
** boil, as vehemently as it would in the 
““ open air, ina veffel fet upon the fire, 
“‘ rill it conceives a much greater heat. 


“* For, the weight of the incumbent ar- 
“* mofphere, keeps down the vapours, and 


‘* hinders the water from boiling, till it 
*€ grow much hotter than is requifite to 
“¢ make it boil in vacuo. Alfo, a mixture 
*¢ oftin and lead, being put upon ared-hot 
‘¢ iron, in vacuo, emits a fume and flame; 
“* but the fame mixture, in the open air, 
‘* by reafon of the incumbent atmofphere, 
“does not fo much as emit any fume, 
“‘ which can be perceiv’d by fight. In 
“‘Jike manner, the great weight of the 
*¢ atmofphere, which lies upon the globe 
“* of the fun, may hinder bodies there from 
*« rifing up, and going away from the fun, 
‘¢ in the form of vapours, and fumes, un- 
“* lefs by means of a far greater heat than 
“ that which, on the furface of our earth, 
“* would very eafily turn them into va- 
“* pours and fumes. And the fame great 
‘* weight may condenfe thofe vapours, and 
“* exhalations, as foon as they fhall, arc 


“* any time, begin to afcend from the fun, . 


‘¢ and make them prefently fall back a- 
“ gain into him; and, by that adtion, in- 
“© creafe his heat, much after the fame 
** manner that, on our earth, the air in- 
“¢ creafes the heat of a culinary fire. And 
‘* the fame weight may hinder the globe 
“* of the fun from being diminith'd ; unlefs 
“by the emiffion of light, and a very 
“‘ {mall quantity of vapours and exhala- 
“tions. Newton. Optic. p. 316.--319. 
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Neumatics is that part of univerfal philofophy, which confiders the pro- 
oe perties, the ufe, and effeéts of the air; the fluid we breathe, and which 
is abfolutely neceffary to maintain the life of animals. 

This is afubjett, therefore, that cannot but be highly ufeful to inquire into: _ 
and herein Mr. Boyle appears to have exercifed himfelf more than any philofo- 
pher before his time, or fince. Indeed, the ancients had no notion of this part 
of philofophy ; and feem to have never dream’d of an engine wherewith to draw the 
air from veffels, and prevent its return into them. Otto Gueric, the famous 
conjul of Magdeburg, fir/t, aulefs we except Friar Bacon, hit upow an expedient 
to do it ; and, from a bint of this it was, that Mr. Boyle, improving upon the 
defign of the conful, originally contrived hss air-pump : amachine, to which we are 
indebted for the folution of many phenomena in nature ; and momentous difcoveries 
in the fluid,which, of all external ones, feemsto be the moft familiar, and ufeful to 
us. A man of an ordinary capacity, poffefs'd of fuch an engine as this, would have 
been perplexed to know what ufe to make of it ; but fuch a gemius as Mr. Boyle, 
could not but apply it to noble and ferviceable purpofes. In veffels of glafs, 
emptied of air, by its means, he. foon included a great variety of proper fubjeéts, 
one after another ; of which he had, before-hand, wrote down a long cata- 
logue. And, as this engine was, at firft, imperfett, but afterwards received 
confiderable improvements, at different times, I am induced to let all the experi- 
ments, made with it, by Mr. Boyle, ftaud in the order wherein he wrote them, 
rather than to range them under feveral heads. For, thus they give the hiftory 
of the air-pump, and its improvements from time to time: but, if the other me- 
thod had been taken, the advantage of thefe experiments, muft have been loft 
éx their biftorical capacity ; which would prove a greater inconventence, thar 
the feeming diforder wherein they now occur: efpectally confidering, that this may 
_ -eafily be remedied, by means of the index. 
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Numerous are the experiments made by Mr. Boyle, with this engine ; but ftill 
there may be fomething left for future philofophers to do with it, befides repeat- 
ing, varying, and confirming his trials. The air-pump, as “tis now made, has 
many advantages over even the beft which was employd by Mr. Boyle: it is fo 
much more manageable, commodious, and exatt, (efpecially as improved by that 
excellent mechanic, Mr. Hauksbee) its apparatus 15,0 well fuited for all exigen- 
cies of experiments ; and, the whole comes on fuch eafy terms, in comparifon of 
what it coft our generous philofopher, that, if it were only to be witnels of the fur- 
prizing difcoveries he made with it, ’tis pity any well-wifber to philofophy foould 
be without it. : 

But, were this inftrument in more general ufe; and, would men of inven- 
won fetthemfelvesto coutrive new experiments for it, who knows what farther light it 
might afford us ; and in producing how many other effetts of nature, the air would 
appear tobeconcern’d? The late Mr. Hauksbee made feveral experiments with it, 
which, perhaps, Mr. Boyle himfelf never thought of ; tho’ he evidently contri- 
ved a large number ; which, for want of a fit opportunity, convenient glaffes, and 
other apparatus, he could never fee the event of. The fubjett, therefore, ap- 
pears, far from being exhaufted: the air-pump is a fruitful engine, and feems 
futed to examine almoft all the produttions of nature : and, there are many 
things, in philofophy, that cannot be done without it. Twas this which lately open’d 
a new field of knowledge, and greatly affifted Mr. Boyle to introduce, or revive 
the mechanical philofophy 3 this, evidently, help’d to overthrow the dottrine of 
natures dread of a Vacuum, by which, the modifb philofophy of his time, 
falfely accounted for abundance of phenomena; to this is owing, the greateft 
part of thofe noble experiments, which appear under the following head, of Pneu- 
matics ; and, laftly, to this we owe fome furprizing difcoveries of Sir Ifaac 
Newton, aud a great fhare of the prefent fyftem of philofophy. 
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EXPERIMENTS 


To fhew the 


Spring and Effects of the AIR. 


SE Cubesk 
7 ‘ NH E air is fo neceffary to life, that moft creatures, which breathe, Tee origin of 


cannot fubfift, for many minutes, without it ; and moft of the ™ “”?”’* 
natural bodies we deal with, being, as well asour own, almoft 

perpetually contiguous to it, the alterations thereof have a manifeft fhare 
in many obvious effects, and, particularly, in diftempers: wherefore, a far- 
ther inquiry into the nature of this fluid, will, probably, fhew, that it 
concurs to exhibit abundance of phenomena, wherein it has, hitherto, 
feemed little concerned. So that, a true account of any new experiment, 
upon a thing whereof we have fuch a conftant and neceflary ufe, may 
prove advantagious to human life. 

With this view, before ever I was informed that~ Otto Gueric, the in-- 
- genious conful of Magdeburg, had prattifed a way, in Germany, of emp-. 
tying glafs veffels of the air, I had made experiments on the fame foun- 
dation ; but, as that gentleman firft produced confiderable effeéts.by. this. 
means, Tacknowledge the affiftance and: encouragement which the report 
of his performances afforded me. 

But, as few inventions happen to be compleat at the: firft, fo the: 
engine employ’d by the conful, feem’d very defe€tive in its contrivance ; 
whence but little more could be expected from it, than thofe very few phe- 
nomena obferved by the author, and related by Schortus. I, therefore, put — 
Mr. Hook, upon contriving an air-pump, more manageable and conveni-- 
ent, that might not, like the German-engine, require ‘to be kept under 
water : and, after fome unfuccefsful attempts, he fitted me with one, con- 
fitting of two principal parts ; a glafs veflel, and a pump to evacuate Saas 
alr. \ . ez: 


408 Phyfico-mechanical Experiments. — 7 
Prevmatics. “The firftis a glafs A, with a large mouth, a cover thereto, and a ftop= 
Fig. 20. cock fitted to the neck below. ‘This would contain 30 [quarts of water. © 
The air-pamp BC, the mouth of it, is about four inches in diameter, and furrounded with — 
deerthed, a glafs lip, almoft an inch high, for the cover to reft on; wherein DE, is a 

brafs ring, to cover, and be cemented on to the lip BC. ‘To the inter- © 
nal orifice of this ring, a glafs ftopple is fitted, to keep out the external 
air. In the middle of this cover is a hole HI, half an inch in dia-~ 
meter, incircled with a ring, or focket; to which is adapted a brafs 
ftopple _K, to be turn’d round, without admitting the leaft air. In 
the lower-end of this, is a hole 8, toadmit a ftring, 8,9, 10; which 
alfo pafles thro’ a {mall brafs ring L, fixed to the bottom of the ftop- 
ple FG, to move what is contain’d in: the exhaufted veffel, or re- 
ceiver. That the ftop-cock N, in the firft figure, might perfettly ex- 
clude the air, we faiten’d a thin tin-plate) MTV W, to the fhank 
of the cock X, all along the neck of the receiver, with a cement made 
of pitch, rofin, and wood-athes, poured hot into the cavity of the 
plate; and to prevent the cement from running in at the orifice Z, of 
the fhank X, it was ftopt with a cork fix’d to a firing, that it might — 
be drawn out at the upper orifice of the receiver ; and then the neck of the 
glafs, being made warm, was preffed into the cement, which thus fill’d — 
the interftices betwixt the tin-plate and the receiver, and betwixt the re- 
; ceiver and the fhank of the cock. » 
: The lower part of our engine confifts of a fucking-pump, fupported by — 
a wooden frame, with three legs 111, fo contrived, that, forthe freer 
motion of the hand, one fide of it may ftand perpendicular; and a-crofs — 
the middle of the frame we nail’d a piece of board 222, to which the 
principal part of the pump is fixed. The pump confilts of an exa& ftrong — 
concave cylinder of brafs, fourteen inches long, its cavity three inches in — 
diameter ; to which a fucker, 4455, is adapted, made up of two parts; 
one of which 44, is lefs in diameter than the cavity of the cylinder, with 
a thick piece of tann’d leather nail’d on it, whereby it excludes the air. 
‘he other part, a thick iron plate 55, is firmly join’d to the middle of 
the former, andis a little longer than the cylinder ; one edge of it be- 
ing imooth, and the other indented, to receive the teeth of a {mall iron-— 
nut a By, fixed by two ftaples to the underfide of the board nailed a-crofs . 
22, on which the cylinder ftands ; and it is turn’d by the handle 7. 

The laft part of the pump is the valve R, a hole at the top of the cy-_ 
linder, and taper towards the cavity; to this is fitted a brafs-plug, to be 
taken out as occafion requires. The engine being thus contrived, fome ei] 
| - pruft be pour'd in at the top of the receiver upon the ftop-cock, to fill up 
the interftices of its parts, and that the key S, may turn with the greater 

eafe. A quantity of oil, alfo, muft be left.in the cylinder, to prevent the 
air from getting betwixt that and the fucker; for the like reafons, fome — 
muft, likewife, be apply’d to the valve. : | 
And here. ’tis proper to obferve, that when we ufed oil, or water, fe- 
parately, for this purpofe, and they have not anfwered the end, a a : 
‘ OL 
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ferv’d, that after the immerfed body has been freed from the firft bubbles Sratics, 
that appear’d about it, others fucceeded in their ftead, before the experi- USS 
ment was finifh’d. | 7 

I have been the more circumftantial in explaining the way of weighing 
bodies in water, becaufe experience hath taught me, that the practice of 
it is not fo eafy as might, at firft fight, be expetted. 

Having obtain’d the weight of the given body, firft in the air, and then 
jn water, according tothis method; it will not be difficult to difcover, 

ractically, the proportion in weight between the folid and the fluid. 
‘The foundation of our practice, is this theorem of Archimedes. “‘ A body 
heavier than water, weighs lefs in that, than it does in air, by the weight 
of an equal bulk of water.” Whence we deduce a rule for our prefent 
purpofe. For if the weight of the propofed body, whilft it is every way 
furrounded with water, be fubftracted from that of the fame body in air, 
the remainder gives the aerial weight of a quantity of water equal in mag- 
nitude to the folid; fo that having the weight both of the folid and fluid, 
divide the greater by the lefs, and the quotient compared to an unit, will 
be the antecedent of the proportion fought between the folid and the wa- 
ter. And this rule holds equally, mutatis mutandis, for other liquors, as 
well as water. ) | 

To apply this doctrine firft to ores. 

Many learned men have been of opinion, that, properly {peaking, there 7 bea 
were no fuch things as gold-mines ; and I confefs myfelf to have been long i477 a Ab 
kept in fufpence as to this particular: for, notwithftanding all the inquiry I fut to gold-ore. 
could make after mines, wherein gold was the predominant metal, I could 
not find a man who would fay he had feen any. At length, I met with 
fome ore, prefented to King Charles II. which I judged to be genuine; 
and alfo received from an unknown hand in the Ea/t-JIndies, another piece, 
in the clefts whereof, and a little beyond them, there appear’d fome 
lumps, wherein, by their colour and other figns, it feem’d manifeft that 
gold was the predominant metal. But the largeft piece, and that which 
was beft furnifh’d with metalline parts, weighing about an ounce and a 
quarter, contain’d fo great a proportion of fpar, that its fpecific gravity to 
water, was but as 2.21 to 1. Its metalline portion, however, feem’d to be all 
sold ; for there appear’d no fign of any other metal therein, nor, in fome 
lefler pieces that Ireceiv’d along withit. Its fpar, or ftony matter, wherein 
the true ore is immediately lodg’d, did not refemble the fpar of lead-ore, 
or that of any other of our Exzgl/b metals ; but feem’d, at firft view, to be a 
kind of white marble,with a dath.of yellow. And, upon trial, I found it dif- 
ferd ftill more from the {par of lead-ore, which, with us, is ufually white, 
and almoft femi-diaphanous. For our {par of lead-ore isoften fo foft, that 
it may eafily be cut-with a knife ; but the {parry portion of this gold-ore was 
_ a folid ftone ; and fo hard, that when ftruck againft a piece of fteel, it 
would yield fparksof fire. And, farther, the {par of lead-ore will eafily, 
and fuddenly, calcine toa kind of lime ; but our golden-fpar, tho’ kept 
for fome hours red-hot in a crucible, did not appear to be at all cal- 
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Sratics. cined. ‘The fpar of lead-ore will, alfo, diffolve in fome acid menftrua, 
LY and even in diftil’d vinegar: yet Icould not find that this golden fpar, 

: when kept for feveral hours in fpirit of fale, Agua fortis, or Aqua regia, 
was manifeftly wrought upon by. any of them. 

A piece of {par, that feem’d fcarce to contain any gold at all, being 
hydroftatically examin’d, we found its fpecific gravity to water, as 2.65 
to } 

Thefe obfervations, imperfect as they are, may, perhaps, be ferviceable 
to fuch as have never feen true gold-ore ; and, in particular, to thofe 
who fearch after gold-mines in Jamaica: where, as general Venables, the 
perfon who conquer’d it for the Englifb, inform’d me, at his return from 
thence, the Spazifb governor of the ifland, whilft his prifoner, confefs’d 
there was mineral-gold; tho’ the Spaniards, for want of workmen, could 
not dig deep enough in queft of it. : 

By what I have faid oF the true gold-ore, I would not have any one dif- 
couraged from feeking for gold in other metals; becaufe, I know, it may 
fometimes be found blended with predominant minerals, as appears from 
the copper-mines of Cremuitz, whence a confiderable quantity of gold is 
yearly obtain’d. And Ihave feen an Evglifh tin-ore, wherein there lay, 
in little cells, a number of {mall leaves or chips of gold ; and tho” the tin- 
men, being unable to feparate them to profit, ufually melted both the me- 
tals together, and fold the mafs for mere tin; yet the owner of the mine 
affured me, that one of his work-men advantagioufly employ’d his own 
children. to pick the gold out of the ore, when skilfully broken. There is, 
alfo, a place-in Scotland, where, over a lead-mine, near the furface of the 
ground, they often find large grains of native gold free from fpar; fome of 
which I thought worthy to be prefented to that curious examiner of ores, 
Prince Rupert; and I {till have a piece of native metal by me, that came 
from the fame place, in weight above forty grains, and wherein gold is 
the predominant metal. 

I have found a grain of natural Scotch gold, without any adhering fpar, 
to weigh three drams, twenty-one grains ; another grain of the fame, that 
had a little {par fticking to it, weigh’d three drams, three grains; fo that, 
allowing for the heterogeneous fubftance, it weigh’d about three drams. 
And, laftly, a grain of Scotch gold weigh’d, in air, 43 grains; in water, 
39 grains; whence its proportion to water is as 12 +to 1. 

It often happens, that, among the leffer grains of gold, properly call’d 
fand-gold, there are pieces, fingly big enough to be ty’d about with a horfe- 
hair, and weigh’d in water; to which, therefore, our hydroftatical way 
of examining ores may be ufefully apply’d. For, fince pure gold is to wa- 
ter of the fame bulk, as 18 or 19 to 1; it will readily appear, whether the — 
fragment propofed be perfeétly pure, or not. 

We frequently receive from the maritime parts of Africa, {mall frag- 
ments of gold, in the form of fand or gravel, which feem to have been 
_wafh'd away from hidden veins by the violence of the waters; to eftimate 
the genuinenefs and degrees of purity whereof, our hydroftatical mee 
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of examination may be of fingular fervice. For the fpecific gravity of per= Srarics. 
- fedtly refined gold to water, being known; *tis, thence, eafy to examine its LAYS 
degrees of finenefs. And, when once the true fpecific gravity of a parcel 
of fand-gold is known, together with its degree of finenefs, gain’d by 
collateral trials ; this {pecific gravity may be ufed as a ftandard, whereby 
to try the finenefs of other parcels of the like native gold: whence the 
fraud of the Negroes may, in this cafe, be prevented; who often clandeftinely 
mix with the right fand-gold, filings of copper, or brafs; whofe fpecific 
pravity is not half fo great as that of fine gold. 
Aquafortis, alfo, would immediately difcover this fraud, which will not 
work upon gold; but corrodes brafs, and thereby gains a colour betwixt 
blue and green ; tho’ if much filver be naturally mix’d with the gold, this 
proof, by Aqua fortis, will require skill: and, therefore, good fpirit of 
urine may be fubftituted in its ftead, occafionally ; for this will readily 
work upon filings of copper or brafs in the gold, and gain from them a fine 
blue colour. And, to haften the operation of this liquor on filings of 
brafs, or copper; “tis but {preading them thin, upon a piece of white pa- 
per, and moiftening them throughly therewith, thatthe air may promote its 
a€tion ; for, by this means, I have often produced, in a few minutes time, 
a pleafant blue colour upon the paper. Spirit of hart’s-horn, or other vo- 
latile alkalies, or even ftale rank urine, will ferve in time of need, and yield 
the fame phenomenon. | 
But ifa folid fubftance be defired for this purpofe, common fal-armoniac 
may be ufed, by making a ftrong folution thereof in water, and applying 
jt as any of the former; for this alfo, will foon gain a greenifh colour, or 
a blue, from brafs or copper, and without affecting the gold. 
I have obferv'd fuch a variety of appearances and difguizes in metalline AU minerals 
bodies, and other minerals, that I would advife the fearchers after mines Py 
to have their eyes always open, and ready to take notice of any un- and, if ponde-. 
known, or uncommon foffil; and not negleét to weigh it in their cals ela. 
hands; and if it feem to exceed the weight of cryftal, or marble, to 
examine it hydroftatically. For there are in Exgland, and feveral other 
countries, ufeful foffils, ufually overlook’d by the unskilful. I have found, 
in this kingdom, eagle-ftones even upon the high-ways ; and fome other 
minerals that were not fufpected to be of Englifh growth. And, I re- 
member, that paffing by a potter's work-houfe, and viewing the ground at- 
tentively, I madea difcovery of manganefe, a mineral very proper for 
glazing and colouring of earthen veflels, which the potter, afterwards, 
gladly ufed for that purpofe. The fame perfon fhew’d me a place that 
contain’d great ftore of a foffil fubftance, unknown in England, that ran very 
far under ground, like a vein of metalline ore ; by fome eafy trials I found 
it abounded with vitriolate falt, much more than any marcafite I had ex- 
amin‘d in the form of ftones: whence I concluded, it might more profita~ 
bly be employ’d to make vitriol, than the marcafites ufed for that purpofe 
in the works at Deptford, or elfewhere, in England. 
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Sratics. . Tremember, alfo, that a mineral of an odd appearance, being fent me, 
LZY™/ as unknown to the miners who dug it up ; I found it to be the ore of bif- 
muth, tho’ the vein that afforded it was very fmall. Bur the chief rea- 
fon for which I give this particular caution, is, that an application of 
our general remark upon the fpecific gravity of foffils, may be extended 
to a new and confiderable ufe ; for we need not confine ourfelves to exa- 
mine only thofe foffils, whereof we can obtain pieces fufficiently large to 
be fingly weigh’d in water; becaufe, not to mention the minerals that may 
be found ufeful to the phyfician, the drugfter, or the mineralift; the ores 
of metals may be often found difguiz’d in the form of earth, or mud, that. 

How to exa- ig eafily dry’d ; which foffils, tho’ unfit to be immediately fufpended by a 

Fe feditnices, horfe-hair, may conveniently be examin’d by means.of a glafs jar-bucket, 

| bydnofiatically. of a known fpecific gravity : for, this veflel being almoft fill’d therewith, and 
that matter, carefully counterpois’d in air, and made thoroughly wet with 
water, and the whole warily let down in the fame fluid, and there kept fuf- 
pended by a horfe-hair, tied toa tender balance, the difference between 
the weight of the mineral, and veffel in air and water, will be obtain’d ; 
the weight, therefore, of the veflel, in water, being fubftra@ted from that 
difference, will give the weight of the foffil in water, and, confequently, _ 
its {pecific gravity in water. 

And. to fhew that this method wants not proper fubjeéis, whereto it may 
be apply’d; weare told, that one of the beft forts of Swedifb iron is often found 
in the form of a red mud, at the bottom of lakes, or other ftagnant water : 
and I have obferv’d Exglifb okers to be richer in iron, than fome ores of 
that metal.- And, an experienc’d writer, upon the gold and filver mines 
of America, takes notice, that gold, itfelf,; is often found difguized in a 
reddifh earth. Vannochio, alfo, a famous Italian mineralift, tells us, that 
a reddith fort of earth, fometimes, contains the richeft metals. I, myfelf, 
have obferv’d fome finely figur’d cryftals, to grow in a red earth. And, 
laftly, a traveller prefented me with a certain earth, which he affirm’d to 
come from the diamond-mines ; and this, alfo, I found to be red. 

Colow'dfangs, . Duta mineralift may make a more advantagious ufe of our hydrofta- 
andgravee tical bucket, by employing it in weighing colour’d fands and gravel. 
And, to fhew how apt we are to over-look fands, for want of trying them 
by weight; I have, fometimes, feen a fort, flighted as worthlefs, which | 
being wafh’d, and viewd thro’ a microfcope, appear’d like a heap of 
{mall granats, and, perhaps, were really fo. But what is more extraor- 
dinary, having obferv'd, that the black fand, ufually employ’d to dry frefh 
writing, feem’d, -manifeftly, heavier than the common; I examin’d it by 
the hydroftatical bucket, which gave us its {pecific gravity to water, as 
about 4.6 to 1; and, by melting it down, with two or three parts of 
antimony, and cafting it into an iron cone, I found it of an irony nature 5 
and, by applying it to a load-ftone, to be far richer in metal, than any of 
our Englifb iron-ores; for, at leaft, feven parts in eight, would eafily be 
taken up bythe magnet. But fuch obfervations as thefe, are not my chief 


motives to recommend the examination of fands and gravel to the minera- 
lift. Ri oe gh 
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Tis well known, that Ewropean traders yearly bring large quan- . 
tities of gold from the coaft of Guinea, which _ waih’d, i pick’d ane of oe 
the fand. And, evenin Europe, there are rivers whofe {and is inrich’d by as: 
grains of gold. For this, the Zagus, that runs by Lisbon, and Pafolus, 
were famous among the ancients. An induftrious chymift affur’d me, he 
got gold, with profit, from the fand found on the banks of the Rhine : 
and there is a little river in Savoy, on the banks whereof, after a land- 
flood, I faw poor people employ’d in feeking for grains of gold. Some trial, 
alfo, that I caufed purpofely to be made, confirm’d me in a perfuafion, that 
the fands, of many places, if skilfully treated, by chymiftry, may afford 
much more gold than is got from them in form of grains. For, befides 
that there may be many particles of gold, fo very minute, and clofely fix’d 
to grains of fand, as not to be taken notice of by the eye, or prove feparable 
by wafhing or picking; there may, as I conceive, be many {mall portions of 
that metal incorporated with the body of the fand; which a skilful artift, 
by the help of proper additions, might feparate to good advantage ; efpe- 
cially, if with litharge, or minium, the fandbe firft reduced to a glafs ; 
and then care be taken to get the volatile gold, by giving it a pure bo- 
dy, fit to retain, and fix it; fuch, for example, 1s fine filver ; out of 
which, I remember, we feparated, by quartation, from a crucible full of 
vitrified fand, and two or three fluxing materials, of {mall price, fixteen 

rains of pure gold. te 

Volatile gold is, I know, by many learned men, look’d upon as a ficti- 
tious thing; yet I have, by the help of an addition, inconfiderable as to 
bulk, and more fo, as to weight, without a naked fire, and in a glafs re-- 
tort, fublimed crude gold ; fometimes in the form of a yellow falt; and. 
fometimes, when the operation fucceeded better, in that of thin cryftals, 
prettily fhaped, glofly, and as red as rubies : this by the bye. It may, per- 
haps, be more uleful to fearchers after rich foffils, to obferve, that when 
they meet with fands, earths, mineral fragments, Gc. whofe fpecific gra- 
vity but little exceeds that of cryftal,; and yet, by the place wherein 
they are found, or by other tokens, give hopes of their containing par- 
ticles of gold, they fhould not haftily reje€t them. For, having fometimes 
difcover’d corpufcles of iron, and fteel, in a vaft variety of foffils, and dif- 
guizes, I fufpect that fome golden particles may lie conceal’d in feve- 
ral bodies, which arethought to contain no metal; and fill more in me-. 
talline ores. | 

But thofe who would apply hydroftatics to ores in general, fhould en- ots coe p 
deavour to procure fpecimens of different mines, efpecially if they be jupartiadare i 
found in the fame country ; and either by trial, or ftrict inquiry, inform | 
themfelves what ‘proportion of the refpective metal they contain. For 
thefe portions of ores, and minerals, being carefully weigh’d in air and. 
water, and their fpecific gravities thereby known, may ferve fora kind 
of ftandard, wherewith to compare, hydroftatically, the metalline portions. 
contain’d in other parcels of ore, of the fame fpecies. Thus, for in- 
ftance, all our Englifb lead-ores,worth taking notice of,imay be divided a 

| three. 
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Sratics. three kinds; and, in each of thefe, a latitude allow’d for greater or lefs 


NAVY degrees of goodnefs. Of the firft fort are thofe that, in the ordinary 
ways of melting, hold, fome of them, from thirty to forty pounds of lead 
in an hundred weight ; and others, to forty-five pounds; which are often 
flighted, as fcarce worth the working. The fecond fort may reach from forty- 
five to fixty pounds ina hundred ; but the moft ufual proportion, I have found, 
in my trials, hath been about half the weight of the ore, in clean and mal- 
leable lead. Thefe are thought indifferently good, and worth the working; 
but others, comprized in this fecond fort, hold about fifty-five, and fome near 
fixty pounds ; and'thefe we look’d upon as pretty rich. As for the third 
fort, it may confift of thofe that yield from fixty to eighty pounds in the 
hundred ; and fuch ores are juftly reputed very rich, efpecially if they 
come near up to eighty pounds. I confefs, I never met with any that 
reach’d fo far ; but was affur’d by the mafter of his majefty’s mint, that 
he had found fome fuch. Thefe look as if they were all metal ; and I 
have obferv'd fome lumps thereof to be compos’d of feveral large cubes, 
very firmly adhering to one another. | 

As to the ores, prefented me from different countries, I have inferted 
their {pecific gravities, in the table annexed to this treatife ; fuppofing it 
may be of ufe, in making a conjecture, with other concurrent circum- 
ftances, whether a mine may be advantagioufly wrought ; but, concurrent 
circumftances are, by no means, to be neglected. 
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to the Materia the hydroftatical balance to the Materia medica. And firft, there is a 

of sand _ deeply red, and opake hard mineral, call’d, in the fhops, by the name of 

pis Hamatites. Lapis Hamatites, which, tho’ little ufed by our Exglifh phyficians, is, in fe- 
veral places abroad, highly efteem’d, and, in my opinion, not without caufe ; 
particularly for the fomniferous any to be obferv'd in fome of its pre-. 
parations. Of the Ezglifh fort of this foffil, we weigh’d, in a tender ba- 
lance, a piece that chane’d to amount to three ounces, two drams +, firft 
in the air, and then in water ; and found its proportion to that liquor, as 
4.15 to 1; that is, almoft twice as heavy asa mere ftone of equal bulk. 
So great a weight, confirm’d me in the conje€ture I had made, that this 
ftone contain’d a large proportion of metalline fubftance. I therefore fub- 
limed it,when finely powder‘d, and diligently mix’d it witha double weight 
of {al-armoniac,and found it,as I expected, very aftringent upon the tongue, 
like feveral preparations of iron; and, for a farther proof, having put 
lefs than a grain of it into a fpoonful, or two, of a {trong infufion of 

: galls, it immediately produced a black and inky mixture. 

To the Lapis Lapis Lazuli is fometimes ufed by European, but more frequently by 

A the Arabian, and other eaftern phyficians; and, particularly, as an eme- 
tic; which faculty I thought it poffefs’d, upon account of fome metalline 
ingredient ; and, accordingly, having hydroftatically examin’d a piece, that 
was judg’d moderately rich, we found the proportion thereof to an equal 


bulk 
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bulk of water, as 3 to 1; which argues, that notwithftanding its brisknefs Srarics. 
in operation, it contain’d a much fmaller proportion of metalline fub- UZWNY 
ftance, than Lapis Hamatites, or feveral lefs violent minerals. : 

The load-ftone is applicable to medicinal ufes, and may have fenfible Tre magnet. 
operations upon the human body ; for which reafon we examin’d it hydro- 
ftatically, and found the weight of a lump thereof, that I judg’d to be 
either Exglifh, or Norwegian, was, in proportion to water of the Hae mag- 
nitude, as 4.93 to 1. | 

Lapis Calaminaris, is frequently ufed in phyfic, efpecially by chymitts, Calamine. 
to abforb acidities; for which purpofe I prefer it to feveral more 
famous drugs; but though ‘tis ufually employ’d only as an external 
remedy, yet fome uncommon chymical preparations of it, make me 
think it deferves to be further examin’d. A famous empiric candidly. af- 
fured me, that the medicine he with great fuccefs made ufe of, againtt 
fluxes, was nothing but pure, and well-ground Lapis Calaminaris ; hence 
I readily conjectur'd, that it participates of a metalline nature: which may 
alfo be argued from its operation upon copper, which it turns into brafs: 
wherefore, weighing a piece of this foffil, we found it to water, as 4.69 
to I. 
~ Let it be here obfery’d, that tho’ when a hard foffil is found to be much 
heavier than cryftal, of the fame bulk, *tis very probable, the folid con- 
crete contains a confiderable portion of fome metalline, or ponderous mi- 
neral body ; whence its good or bad qualities, with regard to the animal 
ceconomy, may, probably, be deduced ; yet ’tis very poffible, for a foffil 
to be endow’d with medicinal virtues, or noxious qualities, on account of © 
its extraneous matter, tho’ its fpecific gravity but little exceeds that of — 
cryftal, or the difference be inconfiderable ; for a very {mall proportion of 
adventitious metalline, or mineral fubftance, if it be of a violent nature, 
may, in fome cafes, diffufe it felf thro’ the reft of the mafs, and impregnate - 
it with active qualities; as we fhall fee hereafter. | 

But further, this method of examination, may affift us to guefs, with Red coral’ 
probability, whether a mineral body be of aitony nature, or not. Thus . 
coral, for inftance, is, by fome, thought to be a plant; by others, a Lytho- - 
dendron; but, by the greater number, a precious ftone ; in which diffe- - 
rence of opinions, its f{pecific gravity may prove of confiderable fervice. - 

We, therefore, weigh’da piece of choice, and well-colour'd red coral, firft ~ 
in air, and then in water, and found its proportion, to an equal bulk of 
the latter, to be as 2.68 tor: whence their opinion, who take it for a 
ftone, feems moft probable ; fince its fpecific gravity exceeds that of. cry- - 
ftal. 

Pearls, beeaufe of their hardnefs, are often thought of.a ftony na- Peat. 
ture. A monftrous one being prefented me, that was taken out cf an oy- 
fter, its fhape irregular, its magnitude extraordinary, and its aerial weight 
amounting to 206 grains;I weigh’d it in water, and found it to be thereto 
as 2.51 to 1: fo that its fpecific gravity nearly equall’d that. of cry- 
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Calculi humani-are frequently fuppofed to be true and genuine ftones; 
and, indeed, the great hardnefs of feveral of em, may not improperly en- 
title them to that appellation: however, I fhould rather call them animal 
ftones, than fimply ftones; which, by our method, may be eafily diftin- 
guifh’d from thofe, and other the like hard concretions, found in the bodies 
of animals. For, having a confiderable number of thefe animal ftones ; I 
found, not only by chymical analyfis, that they belong’d not to the mineral 


kingdom ; but, by an hydroftatical examination of feveral of them, I found 
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they differ'd greatly in {pecific gravity from true foffil ftones ; one of them, 
weighing above fix drams and a half, was found to be in proportion to an 
equal bulk of water, as 1.76 to 1; and another, that weigh’d four drams 
and above a half in the air, being alfo weigh’d in water, appear’d to be 
thereto as 1.69 tor. | | 

I mention thefe ftones as belonging to the Materia medica, tho’ they are 
look'd upon rather as morbific fubftances ; becaufe a famous phyfician, who 
practifed long in the Eaff-Iudies, and had better opportunity than any 
European had before him, to try the virtue of bezoar, either equals or pre- 
fers them to oriental bezoar. 

We made the like experiment upon bezoar-ftones; the firft of which 
weighing in the air three drams, and odd grains, was found to be in pro- 
portion to water of the fame bulk, as 1.47 tor. Another, weighing 
{omewhat lefs than three drams, prov’d to an equal bulk of water, as 1.53 
to1. A third, being the nucleus of a larger ftone, weigh’d in the air two 
drams and fifty-one grains; and its proportion to water of the fame mag- 
nitude, was found as 1.55 to 1. In which feveral inftances, we may ob- 
ferve, that thefe animal ftones, not amounting to twice the weight of an 


equal bulk of water, have a lefs {pecific gravity, by above a fifth part, 


than a true foffil ftone. 

Again, we may by hydroftatics be affifted to difcover fhe refemblance 
or difference between bodies of the fame denomination. Thus, for in- 
ftance, we have found a notable difference between the fpecific weights of 
feveral load-ftones dug up in different countries or mines: and if.a greater 
number and variety of experiments of this kind were made, we might poffi- 
bly find, that, caterts paribus, the magnetsof one country or mine, are con- 
fiderably heavier than thofe of another: for I ufually obferve, that the 


Englifo and. Norwegian load-ftones are heavier iz fpecie than thofe which are . | 


{aid to come from Jtaly. And this difference of weight between foffils of 


the fame kind, when confiderable, may help us to diftinguifh between the 
{tones of the fame loweft fpecies, that are peculiar to different countries or 
mines. But in cafe the unequal weight proceed, as it often does, from an 
adventitious matter infinuated into the more genuine part of the foffil, 
wailft that remain’d fluid or foft; it may enable us to conjeture at its 


greater or lefs purity; which, on many occafions, may be of no {mall 


ufe toa phyfician, a jeweller, or a naturalitt. 


Between genuine Another confiderable advantage of our hydroftatical method, is, that it 


Stones and conn- 


terfett. 


helps us to difcern genuine ftones from counterfeit, which too often pafs 
for 
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for true, to the great prejudice of phyficians and their patients, and the Syarics, 
_ great lofs of lapidaries and their cuftomers: for as there are few qualities of WAYNY/. 
bodies more effential than their ponderofity ; fo there is fcarce any wherein 
impoftors find more difficulty to make a notable alteration, than in this, 
without being difcover’d. In feveral cafes, indeed, ’tis not very difficult ‘to 
alter the {pecific weight of a particular body, yet it may, perhaps, be im- 
practicable to make a confiderable change in that quality, unlefs by fuch 
additions or operations, as will caufe a fenfible alteration in fome other 
qualities too, and thereby fubje& the fallacy to a difcovery. And this _ 
will prove more particularly difficult to vulgar cheats, or adulterators of 
gems, and other valuable minerals ; becaufe the {mall knowledge they have 
of the number and variety of natural and. artificial produétions, confines 
them within narrow botinds, to accomplifh their fraudulent defigns. And 
whilft they are intent upon counterfeiting only the more obvious qualities of 
- things, and, perhaps, upon eluding the known and popular trials ; they will, 
_ probably, neglect the fpecific gravity. By this means, a pearl, for inftance, 
is difcoverable to be counterfeit, without the leaft prejudice to it. AndI 
remember, fome faétitious corals, which I made, to fhew what might be 
done in that kind, were, notwithftanding their fine colour, fhape, and 
elofs, eafily difcoverable by their {pecific gravity manifeftly exceeding that 
_ of natural corals. | 
And, fometimes, I have made paftes, or factitious gems, with red lead ; 
_ which, tho’ tranfparent, and finely colour’d ; yet by reafon of their weight, 
_were very liable to be deteéted by hydroftatical trials. Ihave feen a fair 
-adulterate bezoar-ftone fo refembling the genuine, that a great price was 
fet upon it ; but being brought to me for my opinion, I made no doubt of 
its being counterfeit, from its appearing as heavy, as a mineral ftone of 
the fame bulk. 

Another ufe to be made of our hydroftatical method of examining folids, 4»4 Jhew ‘the 
is, on many occafions, to affift us in making eftimates of the genuinenefs, MO 
or the degree of purity, of feveral bodies, that may be ufefully employ’d in 
phyfic ; provided they are heavy enough to fink in water: for when we 
have once found the fpecific gravity of a concrete, which we know to be 
good and genuine; the degree of its ponderofity may ferve for a kind of 

_ ftandard, whereby to judge of other portions of the fame denomination. 
A great difference fhould, doubtlefs, be made between the eftimate of 
 fome ftones, vulgarly called gems, according as they ferve the purpofes of 
jewellers and goldimiths, of phyficians or chymitts: for the tradefman, 
who uftally aims wholly at the beauty and luftre of a ftone, may juftly 
efteem thofe, cateris paribus, the beft, which are zz fpecée lighteft ; becaufe 
_ fuch are generally more uniform as to fenfe, and more tran{parent ; and 
_ alfo receive their colour from pigments of finer parts. But, on the con- 
_ trary, thofe who feek for medicinal virtues in gems, may juftly value fuch 
_ the higheft, as are moft ponderous ; becaufe they are more plentifully 
~ ftock’d with metalline or mineral fubitances: whence the greateft part 
_ of their virtue is, in all probability, derived. And this difference in the 
‘ V ot. IL. Uu fpecific 


4 Bie! so 


¥ 


. Oe The Elydroftatical Balance. 
— Srarics. fpecific weight of ftones of the fame name; I haye fometimes found far” 
(VW oreater than one, who has not try’d them, would imagine ; as will appear 
hereafter: yet I would not from hence infer, that even fuch ftones as ap= 
pear fine, and are but light in their kind, have not metalline particles that 
may give them confiderable medicinal virtues. For there are mineral 
pigments of fo fubtie a nature, that fuch an infenfibly {mall quantity, as 
will fcarce render them heavier than colourlefs gems, may be diffufed thro’ — 
the whole, and impregnate every fenfible part thereof ‘Thus I have — 
known five grains of powder’d zaphora, mix’d with an ounce and half a 
dram of finely pulveriz'd Venice glais, and kept an hour in fufion by a very | 
violent fire, afford a tranfparent mafs, which was throughout of a fine 
deep blue colour ; fo that one part of the pigment tinged above a hundred 
parts of the glafs: and when we added eight grains. of zaphora to an 
ounce of glafs, that is, one part to fixty ; the mixture having been kept for 
the like time in ftrong fufion ; the mafs was too deeply colour’d for a hand- ~ 
fome gem. | | 
And further to manifeft, that a little metalline matter may fuffice to 
give a tincture, and thereby impart a virtue to a vitreous body, and even 
to gems; I fhall add another experiment. I had long conjeétured, that 
there was in granats, efpecially in fome of a deep colour, abundance of © 
chalybeate corpufcles, more than fufficient for the granat itfelf: upon 
this fuppofition, I took a German ¢ranat, which I had kept by me for a 
rarity, on account of its bignefs and deep colour. Of this, carefully re- 
duced to very fine powder, we exaétly mix’d eight grains with an ounce of © 
finely pulveriz’d cryftalline glafs, and afterwards kept the mixture for two. 
hours in a very hot furnace; by which means, we obtain’d a pretty uni- 
form mafs, ting’d of a green colour, like what prepared iron or fteel gives 
to pure glafs. | 
Thus much may ferve in fome meafure to fhew the ufe of the hydro- 
ftatical method of examining drugs ; upon a fuppofition that they are folid, 
of a fufficient bulk, and gravity able to fink them in water. “But many — 
fimples, and other ponderable fubftances, that may, upon good grounds, — 
be refer'd to the Materia medica, want one or more of thefe conditions: 
{ fhall, therefore, offer the expedients I make vfe of in fuch cafes, to bring 
them to this hydroftatical trial. Now a body may either be liquid, and - 
confequently not immediately applicable to a flender ftring; in the form of — 
a powder, or {mall fragments, and impoffible, or difficult at leaft, to faften — 
each of them to a hair, and fufpend it as a body of a greater bulk; or — 
| laftly, difloluble in water, and confequently unfit to be weigh’d therein. 
This method of  Suppofe, then, the liquor we would examine, be fpecifically heavier than 
Se espoared “P water, and unapt to mix therewith; I take fuch a bucket, or wide-mouth’d. 
Gaoie than glafs, as we formerly mention’d, capable of containing an ounce or two of 
cl a cage common water, and whofe weight in air is about three or four drams. This 
Bh diene glafs we weigh very carefully, once for all, firft in air, and then in water; 
_ fant @ and thereby find a weight equivalent to it in water: which being put into. 


eh the.oppofite {cale of the balance, whilft the veflel hangs under the eis | 
: ey 


c t a : Pe i hata 
The Fydroftatical Balance.\ 331 
of the watery may be confider’dias having ‘no weight atall; and, confes Srarics; 
quently, the? additional weight of this: bucket; may be alone taken for UWS 
that of the cofitain’d body itfelfin water: fo that, for inftance, ‘the bucket 
thus makes’ a ‘mafs of quick-filver, tho’ fluid, as fit. for-weighing as: if it 
were coagulated into a folid. And in this manner we proceed to weigh it 
hydroftatically, as if it were a folid. | ovaraten hide 03 
But, for the more ready performance hereof, ’tis convenient to have in 
yeadinefs a couple of weights, the one equal to the weight of the clafs- 
bucket in the air, and the other to the weight-of the fame in water; for 
thefe immediately afford a counterpoife to the veflel in either medium. 
And, thus, we put a {mall barinva capable of containing halfian ounce 
of water, into one fcale of a tender balance, and furnifh’d. the oppofite 
with a counterpoife thereto; into.this little vetlel we pour’d 480 grains of 
Spanifh mercury, and fuffer’d the bucket, with this mercury in it, to hang 
by an horfe-hair, from one of the fcales, ina deep glafs-veflel of water : 
there was now: in the oppofite fcale a counterpoife to the weight of the 
glafs°i the water; fo that the weights that were added, gave us the 
_ weight'of the quick-filver) only; the weight of the glafs: being already al- 
low’d for. By this means we found the weight of the quick-filver, in wa- 
ter, to be 446 grains; whereby the greater number being divided, the 
quotient is 14, and about ++: 1o that the mercury appear’d to be in gra= 
vity, to water of the fame bulk as 14.11 to: : tho’, in former trials, I 
fcarce found common quick-filver'to weigh full fourteen times; and fome- 
times fcarce thirteen and a half fo muchas an equal bulkof waters Whe- 
ther the weight of the prefent mercury proceeded from its participating of 
old more than others ; which, from another experiment, feem’d not im- 
probable ; I will not here determine. 
However, upon abundance of tryals of this kind, I did not. find that 
all running mercuries, tho’ they appear’d unadulterated, were precifely of 
the fame weight. Nay, I obferv’d, that even diftill’d mercuries, if once 
combined with metalline bodies, and particularly if drawn from fine gold, 
-differ’d more from the common fort, than thefe from each other: and, al- 
fo, between’ common mercuries diftill’d, we found a notable difference. 
And, by this method, tho’ not always with the fame eafe, we may exa- 
mine the fpecific gravity of other heavy fluids that are indifpofed tox mix 
with water; fuch as are, for inftance, the chymical oils of cinnamon, 
‘cloves, guaiacum, Oc. But what made me the more circumftantial in de- 
livering the foregoing experiment, was, that this practical direction for 
weighing one liquor in another, will, hereafter, appear applicable to: very 
ufeful purpofes. | | | 
The way of hydroftatically examining the powders and fragments of t¢ powders amt 
finking bodies, hath been already touch’d upon’; and. differs little from the Lrzgmen's of be 
_ £srmer: only it deferves to be again repeated, that great caution muft be” 
here ufed to moiften the powder with the fame water wherein ’tis to be 
weigh’d, before the experiment’is began ; that the liquor may have time to 
infinuate itfelf between’ the oe and thence expel'the air that 
u2 was 
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Srarics. was harbourd in their interftices: for thefe little aerial portions, if nor 
VN thus feafonably expell’d, would, upon the immerfion of the veflel, produce 
numberlefs bubbles in the water, that would buoy up, or faften them- 
felves to the {mall bodies, and render the experiment uncertain, or falla~ 
cious. bas H 
If this way of examining bodies be carefully prattifed by a skilful hand, 
and with a tender balance, it may prove of confiderable ufe to phyficians, 
druggifts, apothecaries, lapidaries and gold{miths.. Thus, for exam- 
ple, the fragments of the five precious ftones, that are made ingredients 
of Coufettio Hyaciuthi, may each fort of them, a-part, be properly examin'd 
by their weight in water, when thetrue fpecific gravity of a parcel of the 
fineft is once known. And, by the way, tho’ granats are reckoned among 
the five precious medicinal ftones, and, in fome difpeniatories, are pre- 
fer’d as the beft; Ihave found a great difference, in point of pondero- 
fity, between European and American granats, compar d with others, which 
I myfelf took out of an odd American mineral; whence, “tis natural to 
conclude, that their virtues might be very different, if not as to kind, yet 
at leaft as todegree.. And. not only factitious pearls, that often pafs for 
genuine, may often, by this expedient be difcover’d, efpecially if mercury 
enter their compofition ; but we may, probably, by the fame method, di- 
ftinguifh the natural pearls of feveral kinds, and different countries ; 
whereof I have feen, and :poflefs a far greater variety than, would ea- 
fily be credited. But, becaufe it more concerns phyficians, and their pa- 
tients, to make an eftimate of feed-pearls, than of the larger fort, that 
are feldom ufed but for ornament; I fhall here obferve, that, when fur- 
nifh’d with very fine oriental feed-pearls, which feem‘d proper for a ftan- 
dard wherewith to compare others, we found them to water, of the fame 
bulk, as2¢tom | 
To oe tbat But what courfe muft we take, when the body to be hydroftatically ex- 
tix wit water amin d, will diffolve, or eafily mix with water? Why, tho’ the propo- 
fed body cannot be immediately weigh’d in water ; yet we may fubftitute 
another liquor, that will not diffolve it, and thereby find its {pecific gra- 
vity to that medium ; and then, by comparing the difference of thofe two 
liquors, in point of gravity, we fhall difcover the body’s weight m water ; 
fuppofing it could have been kept undiffolv’d therein. Confidering, then, - 
that, except quick-filver, the vifible fluids we can command, are either of _ 
an aqueous, or oily nature ; and that moft bodies, whereof we can make 
folutions in liquors of the former kind, will not diffolve in thofe of the 
latter; we prefume, that the moft faline bodies, fuch as alum, vitriol, 
fal-gem, borax, fublimate, @c. may be commodioufly weigh‘d. in oily flu- 
ids, as oil of turpentine, for’ inftance, or rather the fpirit of turpentine, 
which I, in this cafe, prefer to any other fluid. 
And here, to avoid the trouble of calculation, we may, often, eafily 
find the fpecific gravity of bodies to others of the fame, or a different 
fpecies ; and. fo make a probable guefs as to their genuinenefs, by being 


provided with one piece of the body, of known purity, to ferve as a fan 
ard. 
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dard. ‘Thus, for example, if the goodnefs of fublimate be fufpeéted, take Sra 
an ounce of fome that is known to be fine, carefully balance it in oil UZAY 


of turpentine, and note its weight therein ; then, an ounce of the fufpeéted 
fublimate being weigh’d as the former, if it prove of the fame gravity 
with the ftandard, it may be fuppofed good; but if it weighs lefs, ’tis a 
fign it wants a due proportion of mercury. ‘The fame method is applica- 
ble to Mercurius dulcis, and many other bodies, wholly, or partially diflo- 
Juble in water; as alum, which is often fophifticated with fome bafer falt ; 
to Roman vitriol, which is, fometimes, either counterfeited, or adultera- 
ted, by roch-alum and a tincture of copper: and, according as the weight 
of the body in oil recedes more or lefs from that of the ftandard ; fo the 
adulteration may be probably concluded lefs, or greater. 
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I might, alfo, obferve another ufeful way of eftimating the gravity of Another way of — 


folids and fluids, by taking a heavy folid, and carefully obferving, once 
for all, its weight in the air ; then weighing the fame, firft in one of the 
liquors to be examin’d, and afterwards in others: whence, the difference 
between the folid, and each of the fluids being obferv’d, ’tis eafy to find 
the fpecific gravity of each, and to affign the proportions betwixt them. 

~ But if only one folid be employ’d, *tis neceffary fuch an one be chofen ; 
as hath a much greater fpecific gravity than is barely neceflary to fink it in 
water; becaufe fome liquors are much heavier than that: nay, it ought 
to be heavy enough to fink in all fluids, except quick-filver, if ‘tis de- 
 fien’d for experiments in general. But *tis not very eafy to pitch upon 
fuch a fingle folid as hath all the qualities requifite to our purpofes: for, 
it ought not to lofe any of its weight by the infenfible avolation of 
effluvia, yet be of a confiderable fpecific gravity, and not too large; 
or intenfely heavy, left it overload a tender balance, or require too 
much liquor to furround it ; its texture fhould te proof againft fharp 


and piercing menftrua; it fhould, alfo, be of a make not liable to be: 


broken or fpoil’d; and, laftly, of a natural, uniform, and procurable 
fubftance. 

Brimftone, hard wax, ivory, and white marble, have been, when pro- 
perly fhaped, feverally made. ufe of for this purpofe ; yet they all wanted 
one or other of the defirable qualifications mention’d. I, therefore, fre- 
quently employ’d three other bodies, as more proper. The firft was a 
piece of amber, between three and four drams in weight, of a high yellow 
colour, very tranfparent, and of an uniform texture, and convenient figure. 
This we applyd to examine the lighter fort of liquors, fuch as water, 
wine, brandy, Oc. but ’tis not proper for the more ponderous liquors, 
fince “twill float at the top thereof. |. | : 

_. The fecond is a globular glafs, which I caus’d to be blown at a lamp, 
and to be hermetically’ feal’d at the neck, that was purpofely made very 
fhort, after there had been lodg’d therein juft as much quick-filver as we 
euefs’d would ferve to fink it in any fluid, except mercury. This, by 
_ reafon of its great bulk, in proportion to its weight, was fit to difcover 
minute differences in the gravity of the liquors. ’twas weigh’d in, and 


could. 
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Srarics» could not be corroded by fharp menftrua; and, therefore, on feveral occa- 


w/ fions, I prefer’d this inftrument to either of the other. 


But this being too liable to accidents, for experiments that are to be im- 


-parted, and recorded for pofterity ; Imade ufe of rock-cryftal, which, on 
account of its numerous good qualities, affords a fit meafure, whereto 
other bodies may be compared. Of this pure concrete, we employ’d an 


almoft compleat globe, weighing in the air two ounces, thirty-three grains ; 
wherein, were two fmall holes near one another, that might eafily be 
ftopped up with hard wax, after an horfe-hair had been run thro’ them ; 
by means whereof it was eafily faften'd to the fcale, and made to hang in 
the water. The bulk of this {phere made it the more fit to difcover {mall 
differences between liquors, in point of gravity. But, becaufe we may 
have often occafion to know the weight of fluids, which, by reafon of their 
fearcity,~* can command only in {mall quantities ; as chymical oils, tin€tures, 
effences, Oc. we provide for fuch liquors an hexagonal prifm of natural 
cryftal, with a kind of pyramid at one end; which, by reafon of its oblong 
figure, might be commodioufly weigh’d in a flender cylindrical glafs, that 
required. but a {mall quantity of liquor to furround a body fo conveniently 
fhaped, and that weigh’d in the air but half an ounce, and fixteen grains. 


And, to render the obfervations made with thefe two bodies upon medi- 


cinal, and other liquors, the more ufeful ; let it be taken notice of, once 
for all, that the ball of cryftal was to an equal bulk of water, as 2.57 to 
1, or thereabouts ; and the prifmatical oblong piece, as 2.66 to 1, to 
the fame. : 

I have been the more particular upon the way of trying the gravity of 


- feveral liquors with one folid, becaufe a double application may be made 


of it on feveral occafions, ferviceable to chymifts, phyficians, apothecaries, 
and others. : 


The feveral ufes And, firft, a piece of clear amber, or fome fuch convenient body, that 


thereof. 


is not too little, nor, iz fpecie, too heavy, may ferve the chymift, apothe- 
cary, (Jc. to make probable gueffes at the degree of fpirituofity, or tenu- 
ity, to be found in many liquors belonging to the vegetable, or animal 
kingdom ; and this with far lefs error, than by thofe figns whereon the 
common conjectures are grounded. For, a ftandard-liquor being provi- 
ded, “twill be eafy, by obferving the different weights of amber in feveral 
fluids, to judge of the finenefs of any of them in its kind; for, cateris paribus, 
that is the thinneft, or abounds moft in fpirituous parts, where the folid 
weighs more than in another; as, for inflance, the amber we em- 
ploy’d, that in water weigh’d 6 + grains, weigh’d in common red French 
wine 8 + grains; in common brandy, of a pretty good fort, 17 + grains 5 
and.infpirit of wine, highly reétify'd, 344grains.. Lhe fame way may 
be employ’d to judge of the ftrength of {pirit of vinegar, Oc. But here 
it muit pafs for a general rule, that, probably, as in liquors the folid - 
weighs more or lefs, according as the liquor ‘tis weighd in, is more or 
lefs {pirituous; fo, on the contrary, in acid fpirits and liquors, the lefs, the 
folid weighs, the fironger the fuid muft be reputed ; that greater decreafe 
0 
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of weight proceeding ufually from the greater proportion it contains of Sra‘ries. 
fixed falts. | iF Daw) 

°Tis another advantage of this method, that as the common way of 
trying the goodnefs of ipirit of wine, brandy, Oc. by fetting fire to a 
{fpoonful of them, to fee how much is inflammable, and what portion of 
phlegm will be left behind ; whereby, in traét of time, a confiderable lofs 
is fuftain’d ; the proper proof may be made in our way, without any fuch 
expetice. 

By thefe obfervations, alfo, eftimates may be made of undiftill’d liquors 
of the fame kind ; as, feveral forts of beer, ale, cyder, @c. and the fame 
folid may be employ’d to compare liquors of different kinds with each 
other. 

But if the liquors to be examin’d are very ponderous; amber will not 
be a proper folid in this cafe: for I have found, by trial, not only that ic 
{wims or floats in feveral fluids made by folution of falts, whether in the 
moift air, or with water; fuch as oil of tartar per deliquium, a folution of 
the falt of pot-afhes, Oc. but that fome diftill’d liquors would not fuffer it to 
fink to the bottom of them ; as I found in oil of vitriol, {pirit of nitre, and 

_even good fpirit of falt. i 

There is ftill another ufe to be made of our hydroftatical folid, which 
may frequently be as confiderable, in general, by affifting in proportioning 
the ftrength of menftrua ; as the former is to difcover the ftrength of par- 
ticular liquors already prepared. For there are many experiments that do 
not fucceed fo well, unlefs the liquor be of a determinate degree of ftrength. 
Thus, I have found, that if Aqua fortis, whofe ftrength is reckoned the 
beft quality it can have, were rectify’d too high, it would not diffolye 
filver ; but require to be weakned, by an addition of water; and that it 
would not near fo well diflolve the rafpings of crude lead, when only mo- 
derately ftrong, and fit to diflolve filver, as when confiderably diluted with 
water. And in making extracts from many vegetable fubftances, chymifts 
themfelves may fall into a miftake, by affecting to employ their moft re@ti- 
fy’d fpirit of wine, as the beft menftruum for their purpofe ; for the me~ 
dicinal virtue of many fuch bodies does not wholly refide in what they call 
their fulphur, or rofin, which indeed is beft diffolved by highly reétify’d 
{pirit of wine; but in amore gummy, and, perhaps, mucilaginous fub- 
ftance, for whofe extraction a moderately low {pirit is more proper. 
Thus we fee that gum-arabic, gum-tragacanth, Oc. are indifpofed to dif- 
folve with the beft retify’d fpirit of wine, but readily mix with more 
aqueous liquors. And fome bodies, tho’ difloluble in both kinds of men~ 
ftrua; yet open lefs eafily to ftrong fpirit of wine, than waterifh fluids; 
as may be obferv'd, particularly, in myrrh. | 

And thus much may ferve to fhew how ufeful it will be, on feveral oc- 
cafions, to regard the degree of ftrength of the menftruum, or liquor, em- 
ploy’d in any curious experiment; fo that when it fhould be repeated to 
the fame purpofe only, we may be able to bring the fluid we make ufe of, 
to the fame degree of ftrength with that before employ’d, which produced - 

the’. 
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Sraries. the defigned effet. But, in very accurate experiments, tis proper to obferve; 
ALY NZ that if the liquor be very ponderous 7 fpeciec, as oil of vitriol, or oil of tartar 


Still other me- 
thods for the 
fame purpofe. 


per deliquium; {fomething ought to be placed in the feale, from which the fo- 


did hangs, to compentate for the increas’d part of the hair, which muft — 


be confider'd as a fomewhat lighter body than the fluid, and, therefore, - 
capable of buoying up the folid. 

. Befides the method juft mention’d, there is another, which we have of- 
ten found of fervice, in comparing the weight of different liquors of the 
fame magnitude. ‘This isdone by fucceffively filling a vial, furnifh’d with 
a long, {lender cylindrical ftem, to a certain ftanding mark, made near the 
top, with the feveral liquors, to be, by weight, compared together. But 
this not being hydroftatical, I fhall no longer infift upon it here. ’To pro- 
ceed, therefore, there is, likewife, another way to difcover whether two 
or more liquors propofed, differ in {pecific gravity ; and to make fome efti- 
mate of their difference: viz. by a hollow cylinder of brafs, or other me- 
tal, made fomewhat heavy at the bottom, that it may {wim upright; which 
will fink more or lefs, in feveral liquors, as they are lighter or heavier 
than one another. But Merfexnus, who propofes this way, confefles it to 
be very difficult to make fure obfervations thereby ; to which I add, that 
the metal may be corroded, or otherwife affected by urinous menftrua. 3 

What Merfennus {aid of this inftrument, is applicable to a different one, — 
made of two glafs bubbles, and a very flender ftem, which is hermetically 
fealed; with a ballaft of quick-filver, in the loweft, to keep it fteady, when 
partially immers’d in liquors ; where like the metalline cylinder, it finks 
deeper in the lighter than in the heavier, according to their differences in 
gravity. But tho’ I have often employ’d this inftrument, and found it 
ferviceable, when I made ufe of feveral of different fizes, according to the 
various liquors | was to examine; yet it is, in many cafes, inferior to the 
balance. ! 

Merfennus, alfo, propofes another hydroftatical manner of weighing li- 
quorsin water, thus. ‘lake a glafs vial, to which, being firft weighd in air, 
and then in water, you are exactly to fit a ftopple of wax, orcork; this 
done, fill the vial with the liquor you would examine, fo that no air be left 
between that and the itopple: the veffel, thus fill’d, is to be weigh’d in - 
water ; and fubftracting from its weight there, ‘that of the glafs in water, 
and alfo that of the ftopple, the remainder will give the weight of theliquor 

inwater. ‘This may, perhaps, be ferviceable, on fome occafions, yet, I 
fear, it is troublefome, in prattice ; for, ordinary vials, capable of con- 
taining a competent quantity of liquor, are ufually too heavy to be applied 
to tender balances ; and common ftopples will be fubjeé to various incon- 
veniencies: for which reafon, I prefer to it a method I formerly thought of, 
and'which I have, fometimes, put in practice, by chufing a {mall round 
vial ; and, inftead of ordinary ttopples, fitting it with one of glafs, carefully 
ground to the neck of it: for, by this means, the inconveniencies of a 
itopple, lighter than water, were avoided ; nor would that alter its {pecific 
gravity, either by abforbing, or evaporating ; nor would it be penetrated 


by 


} by the moft fubtle, or corroded. by the moft’ fretting {pirits : to which may S 


- feribed: the weight of the given liquor in water being thus obtain’d, its. 
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be added, (becaufe, in fome cafes, itis confiderable) that'a glafs ftopple 
will not communicate any tincture, or extraneous quality to the liquor ; 


which cannot be faid of cork, or wax, in regard of fome fubtile, and very | 
corrofive liquors. ‘This vial, then, together with its ftopple, being carefully: 


weighd, firft inair, and then in water, to fettle the gravity of the whole 
inftrument; we fill’d it exactly with the liquor to be examin’d, and pro- 
ceeded’ as if we were to weigh quick-filver, in the manner already de- 


proportion, to an equal bulk thereof, may be eafily difcover’d. This way 
of examining liquors has its ufe; and Ithe rather, fometimes, made choice 
thereof, becaufe ’tis applicable to all kinds of fluids, whether heavier iz 
fpecie than water, or lighter. 
Laying afide the ftopple, the round ball may ferve, on feveral occafions, 
inftead of the hydroftatical bucket, formerly mentioned ; for the weighing 
of quick-filver, and heavy powders ; efpecially coarfe ones. But, if the 
inftrument be. fitly fhaped, and not too heavy, a greater conveniency than 
this attends it : i. when you have liquor enough to furround the bottle, 


| _ it-may be commodioufly fubftituted for the hydroftatical bubble, with quick- 


filyer ; its exact ftopple fupplying the place of an hermetical feal: and, 
befides, “tis far lefs fubject .to break. thana bubble. That I made moft 
ule of, which weigh’d about 709 grains, being well ftopp’d, with only air 
in it, would fink, by its own weight, .in brandy, wine,,water,@c. And, 


if it.were to. be employ'd in liquors much more ponderous than water, as. 


Aqua fortis, oil oftartar per delquium, Oc. "twas eafy to fit it for them, alfo, 


by putting into ita quantity of quick-filver, of a determinate weight, 


before it be ftopp’'d; which. balaft, when the operation is over, may be 
eafily taken out, and kept a-part for the like ufes. 


But, notwithftanding all this, fince glafles of a proper fize, fhape, and . 


, weight, fit for tender balances, and furnifh'd with exaé glafs ftopples, 


are very difficult to procure; and fince the way itfelf is fubject to fome 
inconveniencies, it feems, in general, that this way of finding the weight 
of liquors. in water, is inferior to the more fimple ones, before recom~ 
Cas [26 ee ae Rae I es a 

Having now laid down. the method of weighing one liquor in another, 


tis fit we fubjoin fome application of it. 
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The ufe and ade 
vantages of 
weighing one 


Among other advantages of hydroftatics, to a fagacious phyfician, “tis flxid is another 


none.of the leaft, thatit gives him the fpecific gravities of various liquors ; 
which may not only help to diftinguifh the genuine and good, | from. the 
adulterate and decay’d, but ferve to other purpofes alfo.. . Inftances here+ 
of are afforded by the juices of herbs, and fruits; a determinate quan- 
tity of which, being firft weigh’d in the hydroftatical bucket; and fome 
oil of turpentine poured on it, we fink it warily in the fame liquor, whofe 
{pecific gravity to refined filver, or clear rock cryftal, is before-hand care- 


fully regiftred : for thus fubftituting this oil for common water, we may... 


difcover the {pecifie gravity of liquors that would mix with water. And, 
Vor. IL. Xx « by 
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Srarics. by this means, we may find, not only the difference in weight, between - 
"4 the juices of plants of differing kinds, but, on fome occafions, obferve how 

far the keeping of a juice, for {ome time, or the fermentation, or putrefaétion. 
thereof, will alter its {pecific gravity. Other liquids, alfo, that are ufed 
in phyfic, but not ponderable in water, may,- by this way, be examin’d ; 
as honey, vinegar, verjuice, Oc: And, by the fame method, likewife, the 
{fpecific gravity of the juices of fruits, may be difcover’d, and compared to- 
gether. And hence a perfon of curiofity will, probably, be enabled to 
take notice of the differences produced in their fpecific gravities, thro’ their 
{everal fucceffive ftates, at ditferent times. ‘Thus the juice of ripe grapes 
alters when newly prefs’d ; again, when it begins to ferment; when it be- 
comes-new wine ; when it has attain’d its full maturity, and perfection ; 
and, laitly, when it degenerates into prick’d wine, and abfolutely changes 
mto vinegar, or appa. | 
‘Allwaters near- It may be here proper to obviate an objection, that will, probably, be 
‘6 i higd aad made againft the method hitherto deliver'd, of finding a proportion in 
: weight, betwixt a finking body,’ and water of the fame bulk. » Naturalifty 
might alledge, that, by this method, we cannot difcover the proportion 
between a folid body, and water in general ; but only betwixt the pro- 
poted body, and the particular water ’tis weigh’d in; becaufe there may 
be a great difparity between liquors that are call’d common water. Thus 
_ dome travellers tell us, that the water of the river Ganges is, by a fifth 
part, lighter than ours. | | ee oe ee 
To this plaufible’ objection, I anfwer, firft, that having had- opportu- 
nity to examine the weight of various waters, fome of them taken upin 
places very diftant from one another, I found the difference between their 
Ipecific gravities to be exceeding {mall ; perhaps, not above the thoufandth 
part of the weight of either: nor did I find any confiderable difference, 
between the weight of feveral ‘waters of differing ‘kinds ; as’between {pring- 
water, river-water, rain-water, and fnow-water : tho’ this lat was fome= 
what lighter than any of the reft. And having received water from the 
river Gauges itfelf, I found it very little, if at’ all, lighter than fome of 
our common waters. | : | 
And, fecondly, “tis not neceffary, that the proportion obtainable by our ’ 
method, fhould be mathematically exaét: for, in experiments, where we” 
are to deal with grofs matter, and employ ‘material inftruments, a phy- 
fical accuracy will fuffice. | 
Tedifioey the "There is an ufe of hydroftatics, which tho’ it do not direétly tend to the 
va te. examination of the Materia medica, may yet be ferviceable, both to the 
tieally. phyfician and the naturalift, in delivering defcriptions thereof ; and thereby — 
indirectly conduce to’ the knowledge of drugs; and help to diftinguith be~ 
tween genuine and adulterate fimples. “Tis known, that the writers upon 
the Materia medica, afually fet down the magnitude of the bodies they de- 
fcribe, by very uncertain guefles ; and thofe who affign them determinate 
meafures, either do it by faying, fuch a fruit, for example, is an inch, or 
twe inches long, and half an inch, or a whole one, broad : but, ane 
ng 


- 
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ding tothis way of defcribing bodies, there may, by)réeafon of the sreat Sratics. 
variety of figures they are capable of, be a very § eat, difference in the U-YXJ 
bulk of bodies, to each of which, the fame length and breadth are, ap- 

licable. | 
x I caufed feveral cubes to be carefully made, by skilful artificers, of dif. 
ferent fizes, and materials, whofe fides were each of them an exa& inch, . 


or a precife number’ of inches. Thefe cubes, being carefully weigh’d. in 
exact balances, firft in air, and then in common water, we concluded, 
from the refult of our fevera] trials, that, without confiderable error, a 
cubical inch of water might be fuppofed to weigh 256 grains. _ 

Suppofe, then, for example, that a folid heavier zz fpecie than water, 
having been weigh’d firft in the :air, be. found in water to Aofe 256. grains 
of its weight; the dimenfions of ‘this folid, if it were of a cubical 
fhape, will a a cubic inch; fothat ‘if the given body be fuppos’d -a 
metal eafily fufible, as tin, or lead, melted and pour’d into a hollow, 
metalline, cubic inch, and fuffer’d to cool, it would exactly fillic.. For 2 
finking folid weighs lefs in water than in air, by the weight of an equal 
bulk of water. And, asa cubical inch of water weighs 256 grains, it fol- 
lows, that when the decreafe of a body’s weight in water, is 2 56 grains, 
the folid content of that body isa cubical inch ; fince a body. of water, 
weighing 256 grains, isequal in magnitude, as well to the folid, as to a 
cubic inch ofwater. : 

And here it may prevent a fcruple, to. obferve, that. to make bodies 
equal in magnitude, it is not néceflary that. they fhould be of the fame 


weight, or matter ; as is evident in. bullets of ; copper, tin, and gold, catt 
in the fame mould.” For, tho’ they be all equal in buik, yst the bullet. of 
copper will be much heavier than that of tin ; and. the bullet of pure 
gold, more than twice as heavy as that of copper. _-Whenioever, there- 
fore, a folid, ponderous enough to fink in water, lofes therein 256 grains 
of the weight it had ‘in air; the magnitude, or bulk of that body, is. equal 
to a cubical inch; of whatever matter it coniifts, or, of what fhape foever 
itbe. And, in cafe the folid propofed, Jofes of its weight in the water, 
lefs than 256 grains; its buik will be proportionably lefs than a cubical 
inch. ‘Thus every 32 grains that the folid lofes of its weight in the wa- 
ter, anfwers toan eighth of an inch in the bulk of the body: fo that. if 
the decreafe be 128 grains, the folid will be halfa cubic inch ;.and if 
but 64 grains, a quarterofacubic inch: on the other fide, if the decreafe of 
the given body, exceed the ftandard, 256 grains, twice, thrice, @c. the bedy 
will be equal totwo, three, (7c. cubical inches, 7. 

“Lis eafy, from the doctrine, deliver’d,..to difcover, hydroftatically, the 7, share 
folid contents of a body, heavier zm fpecie than water : but ‘to. meafure, b lidity of a body, 
the help of water, the folidity of “a body lighter i /pecte than that fluid, tha lighter thee 
is a work of, more difficulty. “In order to it, we may confider there are water. 
two forts of bodies, which will not, naturally, fink in water ; fome, being 
cf a clofer texture, refifting it; and others abounding with pores, which 
difpefe them to imbibe the water. , 
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Now the weight of a body of the firft kind, may be gather’d from that 
of the water equal in magnitude to the immerfed part. of the body, when 


jt floats freely thereon.. Thus, if a parallelopipid, or a cylinder of wood 


twelve inches long, placed upon water, fhould reft there when a twelfth 
part of it lies beneath the furface of the fluid; the weight of the water, 
equal in bulk to that immerfed twelfth part, would be equal in weight 
to the whole body of the wood. But becaufe the bodies, whofe bulk phy- 
dicians and chymifts may have occafion.to examine, will very feldom hap- 


-pen to have regular figures; ‘tis proper to add another method, more fuita- 


ble to the prefent defign. ‘To meafure then the folid contents. of bodies 
fpecifically lighter than water, but irregularly fhaped*; the body mutt, 
firft, be weigh‘din air. 2. A plate. of lead, capable of finking this body 
in water, and of fome round fum in weight, fhould be provided... 3..’Fhis 
plate being weigh’d in water, and its weight therein fubftraéted from its 
weight in air, will give the weight of as much water, as is equal in bulk 
to the immerfed lead; or the f{pecific weight ofthe lead in water. 4. The 
plate of lead, and the lighter body, muft be tied together with horfe-hair, 
and the weight of the aggregate noted.. 5. This aggregate muft be weigh’d 
in water, and its weight therein fubftracted from that it had in air; and 


the difference will‘ give the fpecific weight of the faid aggregate in water. 


6. From this difference fubftraé the {pecific weight of the plate in water, 
and the remainder will give the weight of the lighter body in the fame 
fluid. ‘Then, laftly, that weight of the light body in water being divided 
by 256 grains, will give its folid content. — WARD hh lp epg oo hf 
To clear and confirm this method by an example ; we took a conve- 
niently fhaped piece of oak, that weigh’d in air 193 + grains; to this we 
tied, with an horfe-hair, a plate of lead, weighing juft 240 grains. But, 
before we tied them together, the lead was weigh’d in water, where it 
loft of its former weight 20 grains; which, being deduéted out of the 
240 grains, left a difference of 20°grains, for the fpecific weight of the 
lead in the water. Then the aggregate of the wood and lead: was weigh’d, 
firft in the air, and found to be 433 4+ grains, and next in water, where 
it amounted but to 162 grains; which being fubftracted from the ageregate 
of the fame bodies in air, the difference was 271 + grains; from which, 
the other difference of 20 grains of the leaden-plate in water being de- - 
duéted, there remain’d 251 4 grains, for the weight of a bulk of water 
equal to that of the given piece of wood. Now, if this number of grains 
had amounted to 256, we might have concluded the folidity of the body 


* There is a very eafy method of ob- 
taining the content, or cubic meafure, of 
any folid, tho’ ever fo irregularly figured. 
For, fince fuch a body, immerfed ina 
fluid wherein it will nor diffolve, caufes 
that fluid to rife in dire& proportion to 
the bulk immerfed ; if the fluid be con- 
tain’d in a cylindrical or prifmatic veflel, 


and the additional height given it by.the 
body be marked on the veifel; this will 
enable us to meafure a part of the whole 
cylinder or prifm, equal in bulk to the 


irregular body. And thus may the folid | 


content of ftatues, ecarv’d or embofs'd 
work, €%c- be knowm : 


te 
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to be a cubicinch; fince 256 grains. of water, which:we formerly found Sratics. 
equal to a-cubic'inch of water,, was alfo now found equal to the bulk UAW 
of the given piece of wood. And having caufed the wood I employ’d 
to be formed into a cubic inch ; the difference of its weight in water 
from 256 grains, may, probably, be imputed to fome little imperfection ‘in: 
the figure, or other like circumftance. Firft, then, the cube of oak in 
air, weigh’d 193 4 grains. 2. The lead in air, 240 grains. 3.:The lead: 
in water, 220.grains 3 which, fubftracted from its weight in air, leaves. 
for its. {pecific weight in water, 20 grains. 4. The aggregate of the two 
in air, 4334 grains. s. The weight of both together in water, 162. 
erains; which, fubftracted from the fum of their weight in air, gives the 
difference of the two feveral aggregates, 271 + grains. 6. ‘The difference: 
between: the weight of the lead in air, and in water, 20 grains ; which,. 
fubftraéted from the difference of the weights of the aggregates in air, and. 
in water, gives for the weight of the propofed cube 251 + grains. | 

This way of meafuring bodies is appropriated to fuch of them as will’ 
not readily diffolve in water. But, becaufe there are many other folids, 
as falt, alum, vitriol, fugar, Oc. whofe magnitudes it may often be proper: 
to know, and compare ; I fhall add, that the fame method is applicable, 
alfo, to folids diffoluble in water, if, inftead of that fluid, be fubftituted: 
oil of turpentine, whofe proportion of {pecific gravity to water, is other-- 
wife known. "To difcover this, I employ’d the hollow cubic inch of brafs,. 
made ufe of to find:the weight of a cubic inch of water ; and found, that, . 
when carefully. filled, it contained 221-4 grains of this oil: by which num-- 
ber, the difference of the weight of a folid-in the air, and in that oil, being - 
divided, the quotient will give the folid contents of the body to be ex-- 
amined. 

Let us now confider how fuch bodies as, by their porofity, are fubject- 
to imbibe too much of the liquor, while the experiment is in hand. 

Merfennus’s expedient, in this cafe, is to cover the body to be weigh'd in: 
water, with wax, pitch, or fome other glue, of a known {pecific weight - 
in water. But I prefer bees-wax for this purpofe; and proceed with it 
inthe following manner. The folid which is lighter than water, having: 
been firft weigh’d in air, over-lay it carefully with thin bees-wax; ther 
take, alfo, in the air, the weight ofthe wax employ'd; and faften to the 
body thus coated, a plate of lead, or'tin, heavy enough to.fink it; and ob 
ferve the weight of the aggregate-in water. This done, fubftract the 
weight of as much water as-is equal in bulk to the wax, and proceed as is. 
before taught. 

But this method helps-us-only: to the weight of the propofed body in 
water; to difcover its folid content, we muft divide the weight of the folid 
in water, by 256 grains. | 

And, by the way, Ihave, fometimes, made ufe of another expedient to- 
hinder {mall folids, whether lighter or heavier im /pecje than water, from 
imbibing the liquor wherein they were weigh’d: for having firft found the 
weight of a cubic inch of quick-filver ; we placed the body to be mea- 


fused, 
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Sratics. fured, in a veflel, whofe folid contents were known. before-hand ;.when, 


¥ 


the {pace that remain’d unpoffeffed by the firm body being fill’d with quick-. 
filver, ‘twas eafy to know, by the difference in weienat of that quick- 
filver, from the weight of the quick-filver requifite. to ft the whole veffel, 
how much thereof was equal to the furrounded body. And, by this 
means, and the knowledge before gain’d of the weight of a cubical inch of 
mercury, the folid content of the body propofed, was eafily obtain’d. 


What actwaty Before I put an end to this difcourfe, ’tis proper to fhew what credit 


“as to be axpected 
tn bydvoftatica 


experiments, 


} may be given to the eftimates of the weights and proportions. of bodies’ 


ebtain’d by hydroftatical trials; becaufe mathematicians, either not know- 
ing, or not applying our obfervation about the fpecific gravity of rock- 
cryftal, and the nature of oil of turpentine, have given us very diffe 
rent accounts of the proportions. of metals, and a very few. other familiar 
‘bodies, which are all they feem’d.to have examin’d by this method. } 

_ _And, indeed, I fhould not be furprized to find, that the experiments 
of the fame perfon, made at diftant times, and under different circum- 
ftances, difagreed ; for fome difference there may be betwixt the waters em- 
Ploy-d in this cafe ; efpecially if the air be at one time intenfely hor, and at 
another exceeding cold. "The difference, alfo, of degrees in goodnefs of the 
balances ufed in nice experiments, is not altogether inconfiderable. » But a 
greater hindrance to the accuracy of hydroftatical experiments, isthe diffi 
culty of finding an exaét uniformity in weights of the fame denomination, 
which are vulgarly fuppofed to be exactly equal. I have myfelf found it fo 
difficult in practice to procure, and keep weights as exaét as I defired, thac I 
have left off the hopes of it; for the very air. may, in time, caufe an alte- 
ration in them. And tho’ the accurate Ghetaldus’s tables of the weight of 
metals, and fome other bodies, in re{pect to one another, are look’d upon as 
the moft authentic that have been publifh’d ; and are, accordingly, the moft 
made ufe of; yet ’tis certain, the weights he employ’d are not divided as 
ours are. For tho’, according to him, as well as with uS, the ounce con= 
fifts of four and twenty fcruples ; yet the {cruple, which with us is divided 
but into twenty grains, he divides into twenty-four. But tho’ hydrofta- 
tical experiments are not, always, either fingly accurate, or exactly agree~ 
able to one another ; they prove. accurate enough to be very fete in 
practice, and more exaét than any other method, hitherto employ’d, of 
determining the proportions of bodies, in point of weight and bulk, and 
of meafuring their folid contents ; but, efpecially, fuch little ones as are 
neceflary to be examined in the Materia medica, And this is a corollary 
from the whole of what we have deliver’d. 

And, indeed, as little as my -skilk is in hydroftatics, I would not be 
debarr’d from the ufe of it, for a very valuable confideration.; for jit has 
already done me acceptable fervice, and on a vaft variety of occafions ; 
efpecially in, the. examination of. metals and mineral bodies, and of {e— 
veral chymical produétions. I have often been able, by its means, to 
undeceive artifts in their perfuafion. of poflefiing Luna fixa, and other 
valuable commodities ; and to,make a jJudgment,.as to the genuinenefs 
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or falfity, and as to the degrees of worth or ftrength of many rich and Stratics: , 


and other bodies, both folid and fluid; whofe VR 


poor metalline mixtures, 
fair ap 


And, to fhew fome curious perfons how 


earances might, otherwife, have greatly deceived me. 


ar hydroftatics might be fer~ 


viceable to as accurate menfurations as need be expected in phyfical expe~ 


_riments; I defired a virtuofo to mix tin and lead in a certain 
unknown to me; and melt them into one mafs ; 
in water, ‘and alfo examined it algebraically ; 


proportion, 
which I carefully weigh’d. 
and from hence affign’d the 


re{pective quantities of each ; which agreed, within little more than a grain, 
with thofe he had committed to paper, before he. mixed them. And 


this {mall difference, probably, 


proceeded from fome fcarce avoidable in- 


accuracies in melting and managing the given bodies. 


To conclude; tis not to be 


expected, that the fpecific gravities of the 
bodies mention’d in the following table, 
ture tryals, precifely the fame as we 


fhall, all of them, be found, in fu-. 
there exhibit them. For, befides. 


that experiments are made by perfons of different qualifications, with dif- 


ferent degrees of care, and with 


different inftruments ; * the varieties may 


Boos from a difference in the texture and compatinefs that may be 
ound in feveral bodies ‘of the fame kind. For, neither nature, nor 


art, give to all the 


produétions of the fame name, 


a mathematical. pre- 


cifenefs, either in gravity,’ or other qualities. 


* Dr. Fuvin recommends it, : as a necef- 
fary caution, to all thofe who ‘fhall at- 
_tempt to weigh dry, porous folids in wa- 

ter, for philofophical purpofes, that, by 
fome proper means, they firft extricate 
the air out of all the {mall. pores and ca- 
vities of them3. whereby the -water may 
have free liberty to enter thereat: other- 
wife, the air contain’d therein, by keep- 
Ing the water out, will render the folid 
lighter in water than it really is. The 
bef way of avoiding this inconvenience, 
the Door tells us, 
water, wherein the folid is immerfed, un- 
der the receiver of an air-pump, and.ex- 


iS 


is to fet. the veflel of 


tra& the air out of the body; which will’ 
fueceed the better if thé Water be fir: 
heated over the fire: or, in defe@ of an. 
air-pump, he dire&s us to let the folid, if 
its texture will fafely permic, continue for - 
fome time in boiling-water, over the fire. . 
Tova negle& of this obfervation, the Doc- 

torthinks, among-other things, is owing 

that difference. found..in the accounts of- 
the fpecific gravity of the Cakuli bumani.. 
And when the air is thus extrafted out of. 
wood,’as oak, fir, €c. and the roots, ftalks, . 


| leavesy-and feeds of vegetables, they prove 
f{pecifically. heavier than~-water: ~ Phillf..- 
Tranf. N°: 369. p.223. yon 


YN A T AB LE ep, the ig Govan 
7 did is with Water. * 
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Weigh "a In Wa- Proportion. 
i PR an Air, ter. 

' A Gate —— — — 251 6% 2.649] 

A piece of alum-ftone———= 2804 Bat 1 2.18 | 
Amber _ ——— 306 ; 1.4 fj 
Antimony, good, and LPR Hun- bh 4 y 

garian ovesemeeae ee 391 295 ART | 
Bezoar ftone -—- —— 187 or f° 1.484 
A. piece of the fame — 50% 22) 1.64 
A fine oriental one —— —= 172 60 foot soe 
Another—— eon berry oer gee ON gs 61 | — 134 ff. 
Calculus humanism 2570 31080 1.72 } 
Another — ——————___. ——. 302 97 1 1.47 5; 
Calx of lead —— ee omens | EBB: 4123 | 8.94. | 
‘Cinnabar, native ——_ —-_ = —s_ 197 171 7.57 | 
‘Cinnabar, native, ‘andvery fparkling 226 194 7.6 : 
Cinnabar common ——= 802 Fou a OSM 
Cinnabar of antimony — ——e 197 169 | J3 . 
Coco-fhell = “753k 68507 134 | 
Copper-ore — vie et 1276 roo PA ars TT 
‘Copper-ore, rich — —-—= — = 473 314 | 3 4.17 | 
Copper-ftone —  —— -——- — 65= 49FS'3 4-09 Sto fy 
Coral, white — Tismoe gage tsrimzeg Pea si4 ~ 
Another piece, fine sites £39 85 | 2597 ott 
‘Coral, red ee! 1294. 80% 2.63 4 
Cornelian—— iteisicia init a ak A ae 103 | 3.29 7 
‘Crabs eyes, natives —_—> ITE 367 1.89 1 
Crabs eyes, artificial ——— en 90y 54 2.48 | 
Cry fta le a ee 236 140 [52.21 
Gold-ore, not rich, but brought from | | 
the Eaft-Indies —- — ———« 1100 682 | 2.63 | 

Another lump of the fame——-— yrs 717 2.61 | 
Granat, Bohemian — — —e | 4.16 | 
Granai miner a — — 217 147 B61" 4 
Ivory——-— ee — 1732 83 I.1I | 
Lapis Calaminaris —— er ane 380 . 4.72 4 
———= Haematites, Englifh — — — 1574 £156 3.16 | 
cmon Fydaicus may honey ahi TP tee tase Oo | 2.69 

Lazuli, one piece——- ———— 385 256 2.78 

Manati Hie peas TN” BIEN ay2. 293 | 2.16 
Afragment of thefame= —— 218! 1233 2223 


Another 
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Another =... one 
Another - Famaica— — —— 
Lead-ore = 
Another piece from Cumberland, rich 
Manganefe, a piece — ee 
Marcafite 
Another from Stathvidge -— 
Another more fhining than ordinary 
Mineral, Cornifh, like a fhining mar- 

cafite. ——.--~ om 
Ore of filver, choice'from Saxony — 


Another piece — 


lees — 


=—==2 -_ 


| mead 


aati CS SD 


— ——) j= 


Ofteocolla — — ee 
Rhinoceros’s horn. . = = 

Rockecryftal — ae 
Slat, Trifoy ee —— 


German, very fine 
Talc, apiece like Lapis Arniathius 


Venetian 
Talc 


of Jamaica — — 
‘Tin-glafs — 
Tin-ore, New-Exglifh 
'Tin-ore, black, rich-——— 
Another piece, choice eG ee 
Tutty, a ay piece” —— — — 
Vitriol, Exgl. a very fine | piece-—— 
Vitrum Autimonii 


eee, 


aE 


Unicorn’s horn, 4 Sparen oh eye ‘ 


* Later trials have furnifh’d - us “with 
the following table of the fpecific Sealy 


A TABLE of the [pecific Gravities of feveral folid 
and fluid Bodies. 


Tne gold, ——— ne en 19.640 
Fs Giscdeetbold Seceetemeeteene 18°838 
Quick-filver —-—-———- 14,000 
Lead ——_——_-——--—— 11, 325 
Fine Silver —————-——- ——-——_ 11,091 
Stan dard-filver —-—————- —-——- 10, 535 
Bifmuth ——— «29,700 
Copper ——-——- 9 ,00¢ 

VoL. 


Wrigh'd In Wa-_ Proportion. 

tn. Air, ter. 

345 197 2.3371) 
201 1127 2.27 | 
686 590 7.14 
1372 aed 54], 
Z22 230 4: 3-53 
814 631 4.65 11 

243 189 AS 
287 227 4.73 1! 
| a = 
een eer a | 
458 366 4.22.1 
1120 960 | 7. 
195 108 | a 17: Bi 
85630 4260 7. 199 
256 140. | ES ii tb tng agi'y 
779 467. a 2.49 7 
375 185 ee: | 
306 152 1.98 | 
596 334 2.28 
082 508 | he 
1857 1238 | 3 
468 419 9-55 | 
S12 613 | 4.8 | 

1293 984 4.18 

2893 2314 | xe ae 

fog 83 ie: } 

1093 2 1.88 

3972 too | 4.76 | 
407 195 J 1.91} 

ties of folids and fluids. 

Catt brafs -—————- —— ———— 8,000 
Steel, Fife ie hes bon 8 
the fame Chard ee 7,704. 
piece fpring temper — 7,809 
; Iron ——-——_— ren —— 7:56.45 
i 'Tin eee 7,320 
Glafs of antimony —-—---—_ §,280 
A pleudo topaz ae er a 4, 270 
Yy A 


\ 


—- 
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A diamond eee me ot 31.00 
Clear cryftal glafs———-———-———. 3,150 
Hland eryftal” ——-——-~——___3. 436 
Fine marble ——————-_—_____2. 590 
Rock-cryftal ———-——-—--_—. ——2,,650 
Common green glafs —-—-—.—-——2,,620 
Stone of a mean gravity ——-———-2,,500 


Sal genimg — —_~—__- 2,143 
Brick « —— —— —— 2,000 
Nitre, ———_— ——- —— “1,900 


Alabafter ———__—______.—___.__. 5875 


Dry ivory 
‘Brimftone ———-—___ ___ —. ——_— 1,800 
Damtzick vitriol ——_———————1, 715 
Alum octeenee res 
Bora Xr a 74 
Calculus. bumanus ———_-——- ———~] 9700 
Oil of vitriol— ~- —-——-—-——}, 400 
Oil of tartar——-—-—---—--———— 1,556 


Serum of human blood -——-——-———1,, r 
Pitch 
Spirit of falt 
Spirit of urine _—_—— 1,120, 
Human blood———___. ——————1,040 


Amber =e eu a ewe oe oe ee on) ele Ie 


Milk oT a ee ees LOS 
Urine — MTT ote ete Cea 
Dry box-wood ——-—— —_. —__ T,030 . 
Sea-water OT a 
Common: water 
Camphire 
Bees-wax —————-——.-__, 

Linfeed oil. mye 


15714, Dry 08k mm rn 9 


OLD O11 Ve men es €,913 
Spirit of turpentine 0,874 | 
ReGtified fpiric of wine ———-—_—_-9, g6¢ 
Dry afh 


BOL08 0 a ee ee 1 5.00 Dry maple oe ne) 7 55 


Honey — A ns nT ASO 
Gum arabic eos] 3 75 


Dry fir —~- ————_-—__+—___9 50: 


Aq4a fortis = ee NS ee F300 Alr coda iat etnies Siete an 
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Hydroftatical Difcourfe, 


By sey of | 
Anfwer to the Objections of Dr. MORE, and 


others, againft fome Explanations of particular 


Experiments: 
With farther Confsderations thereon. 


SECT L 


Inding no caufe to alter my judgment, as to the folutions I have 
given, of fome of my experiments, attack’d by Dr. More; I here 
defign to vindicate them from his obje€tions. | 


And, firft, the Doétor having made a defcription of my pneumatic engine, Mebanical fe: 


pretends, that the afcent of the fucker, after it is deprefs’d, and cloge’d 
with a weight, is not mechanically accounted for, by rhe eravity and pref- 
fure of the atmofphere; becaufe, fays he, “if this folution were truly 
“mechanical, he muft have affign’d the true mechanical caufe of the gravity 
* of all the parts, and of the whole atmofphere.” 

To this I anfwer, that in delivering my experiments about the effects of 
the air, I did not intend to write a whole fyftem, or fo much as the ele- 
ments of natural philofophy ; but having fufficiently prov’d, that the air we 

live in, is not deftitute of weight, and has an elaftic power; I endea-~ 
vour'd, by thofe two principles, to explain the phenomena exhibited in our 
engine ; without recourfe toa Fuga vacui, an Anima mundi, or any fuch un- 
philofophical principle. And fince fuch kinds of explanations have, of late, 
generally been calld, mechanical, as being grounded upon the laws of 
mechanics, I thought, as I permit, fo I might be allow’d, the ufe of that 
term ; and toentitle my explanations, mechanical, in the ufual fenfe of 
that expreffion. I am not obliged to treat of the caufe of gravity in ge- 


lutions of phe- 


vonmtne, what B 


neral, fince many propofitions of Archimedes, Stevinus, and others, who have’ 


Yy2 written 
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written of ftatics; are confels'd to be mathematically, or mechanically de- 


\4Y™ monftrated ; tho’ thofe authors do not affign the true caufe of ravity, but 


take it for granted, asa thing univerfally acknowledg’d: And, if in each 
{eale, of an ordinary balance, a pound weight, for inftance, be put ; he 
who fhall fay, that the feales hang in equilibrium, becaufe the equal weights 
balance one another 3 and, in catean ounce be added to one of the {cales, 
and not to the oppofite, he who fhall fay, that the former is depre{s’d, be- 
caufe urgd by a greater weight than the other, will be thought to have 
given a mechanical explanation of the equilibrium of the fcales, and their 
lofing it; tho’ he cannot give a true caufe why either of thofe feales tends to- 
wards the center of the earth. Since;then, to affign the true caufe of gravity, 
is not required, even in ftatics, tho’ one of the principal, and moft known 
parts of mechanics; why may not other propofitions, and accounts, that 
fuppofe gravity in the air, and prove it too, be look’d on as miecha- 
nical ? . 

The Doétor, however, is pleas’d to grant me almoft as much asI need de- 
fire, as tothe truth of the hypothefis whereon my explanations are found- 
ed. ‘The principal thing which I fuppofe, in my hydroftatical writings, is, that 
in water, tho’ ftagnant, the upper parts atually gravitate upon the lower ;. 
or prefs uponthem, even when they do not fenfibly deprefs them. This 
hypothefis, the Doétor allows, agreeable to the principles of the mechanical 
philofophy : and, accordingly, having fhew’d, thatin a fufpended tube of 
water, the whole liquor gravitates upon the bottom of it; and, confe-’ 
quently, that all the parts thereof do fo, the upper upon the lower, “provi- 
ded” fays he” “there be no immaterial principle in nature? 

_ Now, Las freely, as the Doétor himfelf, aflert an incorporeal Being, that 
made and governs the world. All that I have endeavour'd at, in explain- 
ing what happens among inanimate bodies, is to fhew, that fuppofing the 
world to have been at firft made, and to be continually preferv’d by 
God’s divine power and wifdom; and fuppofing his general concourfe to 
the maintenance of the laws he has eftablifh’d in it; the phenomena I 
confider, may be folv’d mechanically ; that is, by. the mechanical proper~ 
ties of matter; without recourfe tonature’s abhorrence of a vacuum, to 
fubftantial forms, or to other incorporeal creatures. And, therefore, if I 
have fhewn, thatthe phenomena, I attempted to folve, are explicable by 
the motion, magnitude, gravity, fhape, and other mechanical affeétions of 
the {mall parts of liquors; I have done what I pretended : which was not 
to prove, that no angel, or other immaterial creature, could interpofe in 
thefe cafes ; for, concerning {uch agents, all that I need fay, is, that; in 
the cafes propofed, we want not their affiftance ; and, therefore, have no 
eccafion to fly to it, infolving our phenomena. 


That ibe wpper — But the Doctor, itfeems, would have the gravitation ofthe elements, in their, 


parts of fluids 
gravitate upon 
the lower, 


proper places, {ulpended by an incorporeal principle; and hereto he is led: 
by this experiment, which, he fays, is moft manifeftly repugnant to our 
pales He conceives, then, that ina bucket of water, with a per- 
fectly cylindrical cavity, whoediameteris of 62 parts, there is forcibly 

kept 
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kept at the bottom, by means of a ftick, a round piece of wood, whofe. Sraricsi 
diameter amounts but to 6r of thofe parts ; and that as foon ‘as ever the SNS: 
ftick is remov’d, the piece of wood will emerge to the top, and float :+ 
“which,” fays he “is impoffible, if all the parts ofthe water, did not only 
* jointly prefs the bottom of the veffel, but each prefs’d the other. directly 
* downwatds.” ’ 7 Fp Saint GAB CAR RS ROM A a A 
But, firft, fince according to his computation, the area of the interval’. 
between the fides of the veffel, and the edges of the round board, is 12 * 
of fuch parts, whereof the area of the board.amounts to 3721 ; “tis evi- 
dent, that there muft be room enough for the water to pafs between the- 
fides of the veffel, and the edges of the board; which is fuppofed, on all. 
hands,.to be of fome wood lighter iz fpecte than water, fince elfe it would. 
not rife, upon with-drawing the ftick. | | 

Secondly, this round board*is not fuppos’d to be made exactly fit to. 
the bottom of the veflel, and, confequently, the water may get in between 
them ; for which reafon, tis neceflary to keep the piece of wood forcibly 
down with a ftick; which were, otherwife, needlefs ; and, confequently, 
this interpos’d water, will communicate with the upper, along the fides 
of the vefiel ; which latter may, according to the laws of hydrottatics, by 
means of that interpofed, exercife its _preflure upwards, againft the low= 
er furface of the wooden plate. : 

Thirdly, the Doétor fuppofes an imaginary plane of water to be parallel to 
the bottom of the veffel, and to pafs along the bottom of the board; fo 
that of the water that lies between this plane, and the bottom of the- 
veffel, one part is cover’d by the piece of wood; and the other, between 
the edges of that, and the fides of the bucket, is cover’d with the incum- 
bent water only. | | 

Now, ‘tis manifeft, that in water, thofe parts which are moft prefs'd, 
will thruft out of their place, thofe that are lefs prefs'd. Tis alfo evident, 
that the part of the imaginary plane, cover’d by the round piece of wood, 
muft be prefs’d by a lefs weight than the other part of the fame plane ; 
becaufe the wood being, bulk for bulk, lighter than water, the ageregate 
of the wood and water, incumbent on the cover’d part of the fame plane, 
mutt be lighter 7 fpecie, than the water alone, that is incumbent on the un- 
coverd part of the fame plane ; and, confequently, this uncovex’d part be- 
ing more prefs’d than the other part of the plane, the heavier mutt difplace. 
the lighter ; which it cannot do, but by thrufting up the board ; as it does 
when the external force that kept it down, is removed. And this great- 
er preflure againft the bottom, than againft the top of bodies immers’d 
in water, fpecifically heavier than ‘themfelves, is a.true reafon of their 
Pmenion. Sees ee Ne ee p Beda car ees BEE 

"Tis true, that according to the Doétor’s computation, if the folid cylin-. 

_ der, confifting of the wooden plate, and all the water direétly incumbent 
onit, were put into an ordinary balance; it would, there greatly, out- 
weigh the hollow cylinder of water alone, that. reits upon the uncover’d 
part of the imaginary plane. And this is what‘feems to have re the 

iP octor : 


y 
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s. Doftor., But there are many hydroftatical cafes, wherein the: phenomenon 
./ depends not'fo much upon the abfolute weight of the compared bodies, as 
"upon their refpettive and fpecific gravity; on account whereof, a {mall 
pebble, for inftance, that weighs not a quarter of an ounce, will readily 
fink to the bottom ofa river, on whofe furface a log of a hundred pound 


weight will float. “Tis a rule in hydroftatics, that when two portions of 
water, or any other homogeneous liquor, prefs: againft. each other ; the 
prevalency willgo, ‘not according to the abfolute weight, but the perpendi- 
cular height of thofe portions. And, accordingly, we find, that if a 
flender pipe of glafs, being fill’d with water, have its lower orifice un- 
Ropp'd at the bottom of a veflel of water, which contains much more of 
that liquor than the pipe ;’ yet if the water in the tube were, for inftance, 
two feet high, “and that in the veffel but one ; the water in the pipe will 
readily fubfide, till it comes almoft to a tevel with the external water ; 


tho’ it cannot do fo, without raifing the whole mafs of water ftagnant in 
the veflel. 


Demonfivatedby WW took an open-mouth'd glafs, or jar, three inches and a half in diame~ 


exberimentse 


ter, and fomewhat Jefs in depth, its cavity being cylindrical ; into this, 
having put fome ‘water to cover the protuberance that is left at the bottom 
df fuch glafles, we took a convenient quantity of bees-wax, and having 
just melted it, we pour'd it cautioufly into the glafs, warm’d before-hand, 
to prevent its cracking, till it reach’d to a convenient height. This veffel, 
and the contain'd liquors, we fet afide to cool, that the wax) might fhrink 
from the glafs, and, confequently, have a little interval every where between 
the concave fuperficies of the vetlel, and convex of the hardned wax ; when, 
carefully pouring fome water between the glafs and the wax, fo that it 
fill’d all the interval left between thofe two bodies, both at the bottom and 
the fides, the wax was made prefently to float ; being vifibly rais’d up 
trom the bottom, and its upper part appearing a little above the level of the, 
water, as it ought, according to the true principles of hydroftatics. For wa~ 
ter, being fomewhat heavier, iz Jpecie, than wax, and that which was 
poured into the bottom, and ftagnated there, being prefs’d by the collateral 
water, every way interpofed between the concave part of the glafs, and con- 
vex of the wax; (fo that this collateral liquor anfwer’d what I call a hollow 
eylinder of water, inthe Doétor’s experiment) that part of the ftagnant wa- 
ter which was prefs’d upon by the wak, being lefs prefs’d than the other part 
of the fame flagnant water was by the water incumbent on it; this latter 
mutt difplace the former ; which it could not do, but by raifing up the wax 
that refted upon it : yet this collateral water was fo far from being heavier 
than the wax impell’d up by its preflure, that both the collateral and the 
ftagnant water together, being weigh'd, amounted to little above a fourth of 
the weight of the wax; which happen’d by reafon of the narrownefs of the 
veflel: but if it had been wider, the experiment, Idoubt not, would have 
fucceeded, tho’ the wax had out-weigh'd the collateral water ten times 
more than in-our experiment it did. But, that rhe folid body exceeded al- 
moft four times the weight, not only of the collateral, but the ftagnant li-, 
Syl | ea i | quor” 
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quor too, fufhciently overthrows the Doétor’s) reafoning the. fallaty Swasucen d 
whereof will further appear from hence, that tho’ we oratiualy pottrd.in AWAY: 
water, as long-as the veifel would contain any ; the cylinder of wax, was,. 4 
indeed, lifted higher and higher from the bottom of the glafs, but did not- 
appear rais‘d more than at the firft, above the upper furface of the water ;. 
which argues, that it was not at all the quantity of the lower water thar 
continually increafed ; but the preflure of the collateral water, which conti- 
nued {Hill at the fame height, with refpect to the wax,. that caus’d the ele- 
vation of the body. | 
_And, to maniteft yet more clearly the Doétor’s -miftake, I devifed the 
following experiment. We took a round plate of lead, about the thick- 
nefs of a fhilling ; and having ftuck it faft to the bottom of the. cylinder of. 
wax, we fucceffively placed upon the upper part of the wax, feveral 
grain-weights, till the wax fubfided to the bottom: by this means, the 
glafs being, at firit, almoft fill’d with water, there {fwam about an inch 
of that liquor above the upper furface of the wax.. And, laftly, we took 
off, by degrees, the grain-weights that we had added, till we faw the wax, 
notwithftanding the adhering lead, rife, by degrees, to the top of the. 
water; above which, fome part of it was, vifibly, extant. © = 
_ From this experiment I argue, that, according to the Doctor’s fuppo- 
tion, here was incumbent on the wax, a cylinder of an inch in height, and 
of the fame diameter, or breadth, with the round furface of the wax ; 
but, upon the removing part of the water that lay at the bottom, when 
the wax began to rife, there was incumbent no greater a weight than that of 
the collateral water ; and as much of the upper and ftagnant, as was di- 
rectly incumbent upon that collateral water. But now, according to the: 
Dottor’s reafoning, this cylinder of water incumbent on the wax, being an 
inch deep, and above three inches broad, it muft prefs the wax witha far _ 
greater weight than that which the lateral, and hollow cylinder of this’ 
flagnant water, could exert upon the eft of the collateral water ;. yet the. 
height of this aggregate of collateral water, being the fame with that of- 
the wax, and the water {wimming upon it; the difference of the preflure 
was fo {mall, that, barely taking off a weight of four or five erains,. the, 
wax would, notwithftahding the preffiire of the water incumbent .on.it,..be 
impell’d up, and made to float ; and, by the like weight put..on. again, 
it would be made to fink; and, by another removal.of fuch a weight,. it 
would, tho’ flowly, re-afcend. And this‘phenomenon depends fo much 
upon a mechanical balance of preflure, that even. four grains would not 
have been neceflary to make the wax rife or fink, were it not. for fome 
little accidental impediments, that, are eafily met. with in. fuch. narrow 
glaffes ; for, otherwife, in a larger veflel, we have made the,fame lump of 
Wax aaa fink, or float, by putting on, or, taking off, a fingle grain, 
or lefs. | 4 WE SAR OOM un | 
Hence it appears, that, for the regulation: of hydroftarical phenomena,, 
nature has her balance too, as well as art; and that, in.the balance of 
nature, the ftatical laws.are nicely obferv’d.. | 
| , And, 
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Starics. And, Mill furpet to demonftrate, that, in ffagnant water, the. upper 
ASV parts gravitate Upon the lower; we took 4 very flender pipe of glafs, 
‘whofe cavity was narrower than that of an ordinary goofe-quill, that he- 
tterogeneous liquors might not be able to get by one another in it. This 
pipe, near one end, was bent upwards, like a fyphon, that it might have’ 
a fhort leg parallel to the longer ; into this crooked pipe we put a littl 
oil, and then held it perpendicularly in a deep, wide-mouth’d glafs, fill’d 
with water, and a lump of wax, of the bignefs and fhape of that ‘before- 
mention’d ; fo that the preffure of the incumbent water upon the open ori- 
fice of the fhorter leg, might impel the oil into the longer, above the fur- 
face of the water in the veifel. The pipe being thus held upright, “twas 
eafy to take notice, by ‘a mark fixed on the outfide, to what height the oil 
yeach’d in’ it. | | ey | sts: 
Now, if we conceive a horizontal plane, parallel to the bottom of the 
veflel, to pafs by the bafis of the floating wax; “tis evident, that, of this 
imaginary plane, the part on which the wax refts, is as ftrongly prefs’d by 
the weight of the wax, as the lateral part of the fame plane is by the 
weight of the water incumbent on'it ; and, confequently, that part of this 
plane, which. isplaced dire€tly over the orifice of the fhorter leg of the 
pipe, isno more prefs’d, than any equal portion of that part of the fame 
plane cover’d by the wax. ‘This body, being taken out of the water, the 
liquor fubfided’a great way in the veffel; and fo ‘did, proportionably, - 
the oil inthe longer leg of the pipe. And, laftly, having weigh’d out as much” 
water as we found the wax to amount to; this liquor was, inftead of the 
wax, pour’d into that which remain‘d in the glafs: whereupon, the oil in. 
the longer leg of the pipe, was again impell’d up to the former mark, to. 
which the wax had rais’d it. Whence we may gather, that the water newly 
put in, tho’, ‘in the air, it weigh’d:no more than the wax did, yet prefsd 
the water that lay beneath the fore-faid imaginary plane ; and, confequent- 
ly, that which was dire¢tly over the fhorter leg of the pipe, as much as the. ' 
wax.before had done. And, fince we have already prov’d, that the wax_ 
confiderably -prefs’d that plane; it cannot be deny’d, that the water, did, _ 
in like manner, prefsthat plane: and, confequently, that water may gra-_ 
vitate in water, as well as a, folid body, {ich agis wax seh 


‘But, to tettify that plaufible miftake, which ‘has Jong ‘deltided. both - 
philofophers and mathematicians, who think a body does not atually gra-~ 
vitate, when it’ does nor defcend ; we have feen, that the immerfed ‘wax, _ 
and the brafs-grains which lie on'it, a€tually prefs, or gravitate, upon the 
fubjacent water, and bottom of the veffel, on which. ‘tis incumbent; and, , 
confequently, ‘its: preflure, “not being furmounted by that of the collateral. 
water;'which is tnable to’raife it, muft be as’ great as that of this collateral” 
water:) Lhérefore, whet, upon the removal ofa fingle grain, the wax, 
with its incumbent weight, is made,to afcend, and that but very flowly ; 
‘tis evident, that “twas fo far from not gravitating before, becaufe it did _ 
not actually défeend, that it‘rerain’d its gravity even whilft it afcended ; as. 
may appear, not only by the flownefs of its motion upwards, basi ing 
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from its being in nature’s fcale very little lefs heavy than it need be, Sraries. 
to balance the preflure of the collateral water; but by this alfo, that UZAWRY 
if but a fingle grain be laid on, when it begins to rife, its afcent will be 
check'd, and hinder’d ; which could not be done by the addition of fo in- 
confiderable a weight, if the wax, and the adhering metal, did not, even 
during their afcent, retain their former gravity; tho’ that were fruftrated 
as to the act of defcending, or fo much as keeping their ftation, by the 
prevailing preflure of the collateral water. So that, fince the wax, and 
adhering metal amounted to confiderably aboye four thoufand grains ; it 
did, in the balance of nature, weigh, whilft afcending, not fo much as a 
four thoufandth part lefs than it did, whilft it was actually defcending. 

Upon the whole, then, Dr. More, had he throughly confider’d. the mat~ 
ter, needed not have concluded the account of his experiment, as he does, 
by faying, “ this is fo evident a demonftration againft the gravity of the 
““ parts of water downwards ; that unlefs it prove true, I fhall never af- 
“ fent to any reafoning of my own, for the future, nor to that of any other 
“ man whomfcever.” But, I hope, he will confider, as well as I, that a 
man may be very happy in other parts of learning, who has had the mif- 
fortune to miftake in hydroftatics 3 a fcience which very few {cholars have 
been at all vers’d in. 
Ass for the laft experiment in my hydroftatical paradoxes, the Doctor water made to 
feems to fufpeé the matter of fa@’; or fuppofing it true, accounts for it !#eo" # bd of 
: B) b) i: a much greater 
front his hylarchic principle, and the interpofition of the valve of the inftru-Jpecifi gravity 
ment ;. but what confiderable intereft the imaginary retraétion of the valve, %* #!*# 
or the air itfelf, can have in this phenomenon, I confefs I do not difcern . 
for, E think, the experiment would fucceed,. when try’d iz vacuo, tho’ alj 
the atmoipiierical air were annihilated. 
‘owever, to avoid all miftakes, and difputes, that may arife upon ac- 
count of the valve employ’d in our experiment ; a‘ quantity of quick-filver, 
being, by fuction, rais’d into a very flender glafs-pipe, whofe upper ori- 
fice was ftopp’d with the finger, to keep the mercury from falling out; we 
thruft the open end of the pipe, with the mercury in it, into a’ deep 
glafs of water, till the little cylinder of mercury had, beneath the furface 
of the water, attain’d to a depth, at leaft fourteen times as great as: the 
height of the mercurial cylinder; when, the finger being removed from 
the upper orifice, the slais-pipe will be open at both ends,. and a: 
can hinder the quick-filver from falling to the bottom, but-the refiftance of 
the cylinder of water that is under it; which cylinder can. refift but by 
virtue of the weight, or preflure, of the ftagnant water above it, tho but 
collaterally placed: yet this water being, by the pipe, . whofe upper part is 
higher than the furface of that, and acceffible only to the air, kept from pref- 
fing againft the mercury any where but. at the bottom of the. pipe; and’ be- 
Ing about. a-fourteenth part’ of the weight of an equal bulkof mereury vit 
is able, at that depth; to make the {ubjacent’ water’ prefs upward againtt 
themercury, which is but’ a fourteenth part as high as the water is. deep, 
with a force equal’ to that of the gravity, wherewith the mercury tends 
ciate ee a eee down= 
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Statics. downwards. And, to manifeft that this phenomenon depends merely 
LAZY upon the equilibrium of the two liquors; if you gently raife the lower end 
of the pipe towards the furface of the water, this liquor, being not then 
able to exercife fuch a preflure as it could at a greater depth, the mercury 
preponderating, will fall out to the bottom of the tube. But if, when the 
quick-filver is at the firft depth, inftead of raifing the pipe, you thruft it 
down farther under the water ; the preffure of that liquor againft the mer- 
cury, increafing with its depth, will not only fuftain the mercury, but im- 
pel it up in the pipe to a confiderable diftance from the lower orifice, and 
keep it about the fame diftance from the furface of the water, which is 
laterally above it. And this experiment may not only ferve for the pur- 
pofe for which I here alledge it ; but, alfo, if duly confider’d, and ap- 
ply’d, very much illuftrate and confirm the explanation, formerly given, 
of the feemingly fpontaneous afcent of the cloge’d fucker in our exhautfted 
air-pump. | 

The cafe of ai- The lait argument which the Doctor urges againft the gravitation of 

vers, with “. water, in its proper place, as they {peak, is deduced from what happens to 


ard te the pref- ; ‘ : 
fure of ibe wa- divers, who, in the midft of the fea, tho’ falt-water be much heavier than 


ee eo ane frefh, do not find themfelves compreffed by the vaft load of the incumbent 
water. 

But if obfervations about diving were made by philofophers, and mathe- 
maticians, or, at leaft, by intelligent men; we fhould, I do not doubt, have 
accounts of it, very different from the current reports. A learned phyfi- 
fician, of my acquaintance, upon diving leifurely, perceived a conftriétion 
of his thorax, by the aétion of the furrounding fea-water. 

A Spanifh prelate, who liv’d long in America, {peaking of the Indians, 
employ'd by their inhuman mafters in fifhing for pearls, tells us, °* it is 
** impoffible that men fhould live for any long feafon under the water, 
** without taking breath; fo that they die cominonly thro’ vomiting blood, 
“ and of the bloody flux.” -And a general of the Englifh in the Ea/t-Indies, 
fent on an embaffy to the emperor of Fapan, {peaks thus of fome female-divers 
he met with in his voyage. “ All along the coaft, and fo up to Ozaca,” fays 
he, “ we found women-divers, who lived,with their houfhold and family, in 
** boats upon the water. Thefe women,” he fays, “ would catch fith by di- 

* ving, which they miffed by net and line, and that in eight fathoms depth. 
“* ‘Their eyes, by continual diving, grow as red as blood; whereby a 
“ diving woman is diftinguifhed from all others.” However, the reafon 
why fo little damage is fuftain’d by diving, feems, in my opinion, owing to 
the uniform preflure of the furrounding fluid, and the robuft texture of a 
human body *. 

| : The 


* *Tis remarked by Sir Ifaac Newton, that another; and, therefore, that if fenfation 
fince fluids, in preffing bodies immerfed | proceeds from the motion of the parts of 
in them, do not change the external | animals; fluids will not damage the ant- 


figures thereof, they will not change the | mals immerfed therein, nor: excite any. 
fituation of the internal parts among one | fenfation in them, farther than as their 
! : bodies 
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The fwims of {maller fifh appear very unable to refift compreflure, being Srarics. 


much more thin and delicate to the eye, than a piece of fine Venice paper; + 
yet having caufed one of thefe bladders, above an inch in length, and pro- Pe dese bis 
portionably wide, to be taken out of a roach, and anointed with oil, to 4y weak and 
keep it fupple, and preferve it from being pierced, or foften’d, by the ‘4 
water; and having, by a weight of lead, faffen’d to the neck of it, let it 
down to the bottom of a cylindrical tube of water, fealed at one end, and 
made large, and about fiity-fix inches long ; we could not perceive that, 
by the weight of all the incumbent water, it was manifeftly comprefs’d, 
or that it difcover'd the leaft wrinkle, or other depreffion of that very thin 
membrane, tho’ fill'd but with air. And this trial was made more than 
once with the fame fuccefs. Yet that this proceeded rather from the 
ftrength of the bladder, that was able to refift the weight of a taller pillar 
of water, than from the levity of water in the upper part of the tube on 
that in the lower, we fhew’d, by prefently letting down a mercurial gage, 
by a fring, to the bottom of a tube: for the weight of the incumbent water 
forced up fome of the mercury out of the open leg ef the fyphon into the 
feal’d one; and, confequently, comprefs’d the air included there: and the 
uncomprefled air, being three inches and } in length, we judged it, at the 
bottom of the tube, to be about $ impell’d up by the intrufion of the 
mercury. And, to fatisfy myfelf, and others, that if the incumbent wa- 
ter had been heavy enough, it would, vifibly, have affected the bladder, 
in fpite of any Principium hylarchicum ; we funk it ina cryftal glafs, that 
had a long cylindrical neck, and was exactly fitted with a ftopple; then a 
competent quantity of air being left above the water, the ftopple was warily, - 
and by degrees, thruft down; and fo, leflening the capacity of the glais, 
comprefled the air that was next it, and, by the intervention of that, the 
water under it. And tho’ there did not, upon a flight compreffion of the 
outward air, appear any fenfible effect upon the bladder that was at the 
bottom of the water; yet, upona farther intrufion of the ftopple, the pref- 
fure being increafed, the immerfed bladder difcover’d two confiderably 
deep wrinkles, that prefently difappear'd upon drawing up the ftopple ; 
which, being thruft in again, the depreffions were again to be feen on the 
fwim. And, having convey’d a mercurial gage into the fame glafs, we 
eftimated, by the condenfation of the air in the feal’d leg of it, that the 
bladder had been expofed to a preffure equal to that of a column of about 
forty feet of water. 
This may leflen our wonder, that bodies, of fo firm a texture as thofe 
of lufty men, fupport the preflure of the water at fuch depths as divers 
ufually remain ; fince we fee what refiftance can be made by fo exceeding 
bodies may be condenfed by compreffure, j contained in a bladder, every way equal- 
Newton. Princip. p. 264, 265. And Borelli, | ly compreffed, can neither be contratted, 
having fhewn, that a quantity of fand, | bent, or otherwife diftorted ; hence de- 
* contain’d in a very hard or rigid veffel, | duces the reafon why divers are not fen- 


cannot poflibly be divided, or entred, by a | fible of the preflure of the water. De motib. 
wedge; and that water, in like manner ! zat. a gravitate fattis. Prop. 29.34 
| \ Az 2 , thin 
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*Srarics. thin anddelicatea membrane, diftended only with the air, in comparifon of 
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the ftrong membranes and fibres of a man, fill’d, befides air, with more 
firm parts. °Tis alfo confiderable, what great weights may be fuftain’d in 
the air, by fuch fibres or tendons, and by other fibres interwoven into mem- — 
branes, in comparifon of what an ordinary man would expect. And, not 
only upon account of the ftable parts of a human body, but of the fpirits 
too, it may refift very violent preffures of a fluid, without any manifeft 
contufion, or diflocation of parts, or even fenfe of pain; as appears from 
the great effeéts which gufts of wind have upon trees, houfes, Jc. tho’ a man 
will withftand the impetuofity of fuch a ftrong wind, and walk directly 
againft it, by virtue of the vigour of his.mufcles and {pirits, without being 
thrown down, or bruifed, by fo violent a current of air, and without fo 
much as complaining of pain; and this, tho” the wind that beats againft 
him, aéts asa ftream, and does not uniformly comprefs him, but invade 
only the fore-part of his body. Thus, alfo, in the lifting up of heavy weights 
by lufty men, we may fee the flender tendons of the hand loaded with 
an hundred‘and fifty pounds, or more, without having their fibres fo far 
comprefied, or ftretched, as to make the perfon complain of pain. A hu- 
man body, therefore, is an engine of a much firmer ftructure, than mere 
{cholars ufually take notice of. And, I doubt, whether, if the ftruéture — 
of a man were not confiderably firm, he could, efpecially in a deep fea, 
fupport the preffure of the water, tho’ not immediately apply’d, without 
tet For, having, feveral times, convers’d with a man who got his living 
oy diving for fhip-wreck’d goods ; he aflured me, that, when he ftay’d at 
a confiderable depth, as ten or twelve fathoms, under the furface of the 
fea, he felt a great pain in both his ears, which often put him to fhifts to 
leflen it ; and this, by his manner of defcribing it, I conciuded, arofe from 
the incompetent refiftance of the air, which he found, by manifeft tokens, 
to be greatly compreffed by the upper water. ‘This relation, from fuch a 
perfon, not only confirms our explanation, but likewife warrants us to 
doubt whether the common reports that are made concerning divers, ought 
to be rely’d on, without further examination. ¥ 

We took a common flefh-fly, of a middle fize, and having put it into: 


the fhorter leg of a bent glafs, which we caufed to be hermetically fealed, 


we added as much mercury as fill’d that leg, and a part of the other; lea- - 
ving little more than an inch of air between the quick-filver, and the feal'd 
end, that there might be room both for the fly, and the condenfation of 
the air ; and then, with alittle rammer, fitted for the purpofe, we caus’d 
the mercury, in the open leg, to be thruft againft that in the feal’d one; 
which neceflarily crowded the air, near the fly, into lefs room ; fo that it 
feem'd condens’d into about a third part of the {pace which it poffefsd 
before, and which it regain’d, when the rammer was withdrawn : and tho 
this were done more than once, yet the fly appeard not fenfibly hurt; — 
and I perceiv’d her, whilft fhe was pent up, to move her legs, and to rub — 
them one againft the other, as “tis ufual with that fort of infects: in the — 


free air. 
Another — 
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Another experiment, to the fame purpofe, we made with water ; tho’ this Srarics. 
wet the wings of the fly, and foon after, by mifchance, drowndit: but we UAV, 
had, firft, an opportunity to comprefs the air intoa third, ifnota fourth part, 
ofits former dimenfions ; yet the fly continued to move feveral of her parts, 
and, efpecially her legs, very vigoroufly ; as if nothing troubled her, but 
being, as it were, glued to the infide of the glafs by her wetted wings. And 
this, I hope, will keep the refiftance of divers, to the furrounding water, 
from feeming incredible ; fince fuch flies were able to refift, and, for ought 
appeard, without harm, or pain, the preflure of the crowded particles of 
the air: tho’ we guefs’d it to have been as much comprefs’d by the force 
of the rammer, as it would have been by a cylinder of water, of between 
50 and 60 feet high. | 

Hence, too, we may be affifted to conceive, how great a difference there 
is, whether the fame preflure be exercifed by a folid, or by a fluid body. . 
For, according to our eftimate, the preffure againft the body of the fly 
was as great, as ifa flender pillar of marble, having the fly for its bafe, 
and 18, or 20 feet in height, had refted upon the little animal. . 
_ We alfo took fome ordinary black flies, of a middle fize; and having 
placed one of them, withthe head upwards, and left fome diftance betwixt 
her and the feal’d end of the glafs tube, we pour’d in quick-filver very 
flowly, and cautioufly, left the force of fo heavy a body, acquired by its 
velocity in the fall, fhou’d, more than the mere weight of the fluid, opprefs 
her: at length we got in as much mercury as the tube would receive ; and 
then, holding it upright, we watch’d whether the fly would make any mo-- 
tions ; and finding that fhe did manifeftly ftir, notwithftanding the incum- 
bent mercury, we meafur’d the height of the mercurial pillar, reaching from - 
the middle of her body, to the top of the fluid, and found it to be about 
eight inches ; and the quick-filver being pour’d out, the fly appear’d very 
lively, and vigorous. ; | 

We repeated the experiment with one of the beft flies we could take, when. 
their feafon was almoft over, and of the fame fize with the former ; when, - 
ordering the matter fo, that the mercury incumbent on her, appear’d to be of 
a greater height than that of the tube before employ'd, we law her move 
one, or other of her legs, feveral times, tho’ the tube was held upright ;_ 
and therefore, meafuring the height of the mercury above her, we found 
_ jtto amount to above fixteen inches; then freeing her from this preflure, . 
we obfery’d, that fhe immediately found her legs again, and moved, up and 
down, briskly : tho, when fhe was aftewards opprefs’d, with 23, or 24 in- 
ches of the fame quick-filver, fhe gave no figns of life. But having got ano~ 
ther fly, of about the fame bignefs; tho’, when fhe was at the bottom of the 
quick-filver, fhe feem’d fo comprefsd as not to have any motion, yet, 
upon being taken out of the glafs, fhe prefently difplay'd her wings 5 - 
a the pillar of mercury, that prefs’d upon her, amounted to above 27, 
incnes. 


‘Another - 
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Another fly, that feem’d but about half fo big, as one of thofe hitherto 
mention’d, being well placed, with fome mercury under her, in a glafs pipe, 
held upright, fuftain’d a mercurial pillar of 25 inches ; and tho’ fhe was 
not obferv'd to move, under fo greata weight, yet, when once that was taken 


‘off, fhe appear’d unhurt ; and, probably, would have efcaped under a much 


greater weight, if the tube, which was too large, had not, already, employ’d 


‘all the ftock of mercury we then had at hand. Since, then, fo {mall an ani- 
mal, asa fly, may furvive fogreat a preflure, and remain able to move 


fuch long and flender bodies, as her legs, when prefs’d againft by above 
16 inches of mercury ; and, confequently, by a weight, equivalent to a 
pillar of water, of more than 18 feet and a half ; which being 590 times 
her own length, and many times more her height, it appears, that a diver, 


fix foot tall, to have as many times his height of water above him, as our. 


fly might have had, and yet continue to have moved under it, muft dive to 
near an hundred fathoms ; which is a depth vaftly greater than, from what 
I could learn by enquiry, the divers, either for coral, or pearl, defcend 
to. 

Thus, then, we have accounted for a phenomenon, which Dr. More 
thinks infoluble, without his hylarchic principle. There would, indeed, be 
much more weight in what he objects, if our affertion, of the gravitation of 
water in water, were, like the Principium hylarchicum, a mere hypothefis, 
advanced without any pofitive proof: but our doétrine is directly pro- 
ved, by particular experiments ; to elude the force whereof, fo ingenious a 
perfon, is obliged to call ina principle that is not phyfical. 

But, whatever power he is pleas’d to {uppofe at the bottom of the fea, 
to fufpend the preflure of the incumbent water, I think, that fuppofition 
muft give place to experience ; which fhews, there really is a great preflure 
exercisd by the water at the bottom of the fea. A gentleman, who has 
been often prefident of the royal fociety, affured me, that a friend of his, 
having let down a pewter bottle into a deep fea, with weight enough to 
fink it, that he might try whether any {weet water would ftrain into it ; 
found, when he pull’d it up again, the fides of it very much comprefs’d, 
and, as *twere, {queez’d inwards by the water. An acquaintance of mine, 
trying to cool his liquor, when he failed thro’ the torrid zone, by letting 
the containing veffels to a great depth into the fea, was, at firft, amaz’d to 
find the corks, with which the ftrong ftone bottles had been well ftopp’d be- 
fore, fo forcibly, and fo far thruft in, that they could fcarce have been fo 
violently beaten in with a hammer. And, an ingenious perfon, who pra- 
étifes phyfic in the Indies, told me, he try’d, in a very deep part of the fea, 
whether any frefh water would ftrain into ftone bottles, thro’ a thick cork, 
itrongly ftopp‘d in ; and having let it down with a convenient weight to 
100 fathoms, was much difappointed, when he drew it up, by finding that 
the preflure of the water, at fo vaft a depth, had quite thruft down the 
cork into the cavity of the bottle: an efieét which he {earce could have ex- 
petted from the ftroke of a mallet. 


And, 
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And, to fhew, ad oculwm, that water may gradually, as it grows deeper, Sraricé. 
prefs againf& the ftopple of a bottle, tho’ the veffel be inverted ; we took LAVA. 
a glafs vial, furnifhed with a cylindrical neck, and its cavity large, in 
proportion ; into this we put as much quick-filver as would, in the neck, 
make a fhort mercurial pillar, of between half an inch, and an inch; then 
a piece of very fine bladder, dipped in oil, was fo tyed over the orifice 
of the glafs, that no mercury could fall down, or get out, nor water get 
in at the orifice ; and yet the bladder, by reafon of its great limbernefs, 
might be eafily thruft up towards the cavity of the vial, or deprefs’d by 
the weight of the mercury. This little inftrument, firft furnifh’d with a 
weight of lead, to fink it, being inverted, the mercury defcended into the 
neck, and clofed the orifice as exaétly as aftopple ; but, with itslower 
part, deprefs’d the bladder beneath the horizontal plane, that might be 
conceiv'd to pafs by the orifice: then the glafs, being, for a while , kept 
in the water, and, by a ftring, let further down into the fame glafs 
veffel, fill’d to about two feet in height; the preflure of the liquor againtt 
the orifice of the vial, by degrees drove up the bladder, and the mercurial. 
{topple into the cavity of the neck; as was manifeft by the afcent of the 
quick-filver : and when the inftrument was leifurely drawn up again, the 
wciehy of this mercury made it fubfide, and plump up the bladder, as 
betore. 

Meeting, cafually, with an ingenious mechanic, who devifed. proper 
accommodations, and a boat, wherewith he could continue,. for. a great. 
while, at a confiderablej depth under water; he affured me, that when 
he was about four or five yards deep in the river Thames, his breaft and. 
abdomen were fo comprefled, that, there being hardly room enough left 
_ for the free motion of his lungs, he could fcarce fetch his breath; and was 
obliged to be drawn quickly up: and that, to remedy this, he caufed a 
kind of armour for the cheft and back, to be made of copper; and tho’ 
the metal defended himfrom any mifchief in thofe parts, yet, in others, 
where only leather was interpofed, when he came to the depth of about. 
fix fathoms, he found a great preflure upon his legs and arms, and all the 
other parts, againft which the water was able to thruft the leathern fuit 
inwards: and this preflure he found pretty equal; fo as to receive no great 
inconvenience from it ; being able to continue under water, tho’ not at any, 
great depth, for about two hours. He farther declared, from his own. 
experience, that the ambient water endeavour'd.to prefs him, and his di- 
ving fuit, every way inwards. I haye, alfo, been affured, that a profefs’d. 
diver, when he defcended in his bell, to very great depths, has often had. _ 
the blood fqueez’d out at his nofe and eyes. 7 

Upon the whole, it appears, that water actually preffes againft bodies 
under it, whether fpecifically lighter, or heavier than it felf. 
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fees ae J ‘O my particular method of actually weighing water in water, it has 

e by common been objected, by a late writer of hydroftatics, that there is a mi-_ 
SCALES. 


‘ftake init. Ifhall here, therefore, endeavour to clear this matter, and fet — 
smy thoughts about it in a fuller light. sy" 

My opinion is, that water, as icis aheavy fluid, always retains its gravita~ 
tion, and power of prefling ; (by which, I mean, a tendency downwards, what- 
ever be the caufe of that gravity) whether it have abody under it, either {pe- 
cifically heavier, or lighter than it felf, or one equi-ponderant to it. For I 
fee not what fhould deftroy, or abolith this gravity, tho many things may 
hinder fome effects of it. And, therefore, I fuppofe that water retains its 
gravity, not only in air, but in water too, and in heavier liquors ; and, 
confequently, by virtue of this, that liquor prefles upon them. But, if a 
furrounding fluid: have, upon account of its fpecific gravity, an equal, ora 
ftronger tendency downwards, than water, it will, by virtue of that, be able 
to mpelup this liquor, or to keep it from aétually defcending ; fo that a 
portion of water, fuppofed to be included in a veffel of the fame fpecific 
weight with water, will, placed in a greater quantity of the fame water, 
neither rife nor fall, tho’ it retains its gravity there ; only this gravity is 
kept from making it aétually defcend by the contrary action of the other 
water, whofe fpecific gravity is fuppofed equal: as when a juft balance 
is loaded with a pound weight, in each of the fcales, tho’ neither of the 
weights actually defcend, being hinder’d by its counterpoife ; yet each re- 
tains its whole weight, and, with it, prefles the fcale it refts on: {o that our 
included portion of water, really preffes the fubjacent water, tho’ it does 
not actually deprefs it. Nor do I think that the only way of judging 
whether a body gravitates, is.to obferve, whether it actually defcends ; 
fince, in many cafes, its gravity may be proved, by the refiftance it makes 
to heavy bodies, which would otherwife raife it; as appears by equal 
weights ina balance. And, for want of this diftinétion, [have known even 
learned men, treating of hydroftatics, miftake the queftion. 

Now, the adverfaries I had to deal with, both in print, and in difcourfe, 
deny’d, that in ftanding water, the upper prefs’d, or gravitated upon the - 
lower parts. Amd tho’ they could not but grant, that the whole weight 
of the water gravitated upon the bottom of the veflel ; yet they would have 
the parts of it to do fo attione communi, as they {peak; and fancied I know — 
not what power of nature, to keep the homogeneous portions of water, as 
well as other elements, from prefling one another, whilft itis in its proper 
place. Againft this opinion, it was alledg’d, (befides other things, which 
{ found many, otherwife good {cholars, were not fitted to underftand) 
that if a glafs vial, or bottle, well ftopp’d, were deeply immerfed under 
water, it would ftrongly tend upwards; but if it were dextroufly un- 
ftopp’d, when ’twas thus immersd, fo that the water cou’d get In; _ 
allowing for the weight of the glafs itfelf; *twould, by the water that _ 
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crowds in, and thrufts out the air, be made ftrongly to tend downwards, Sratics. 


reafon of the empty bottle’s emerging, when ftop’d, was the pofitive levity of 
che air that fil’d it 3 andthat the finking of it, when unftop’d,was from the 
recefs of the fame air, which, by the intruding water, was driven, with large 
bubbles, out of the bottle: _ I thought this evafion might be obviated, by 
contriving an experiment, wherein the water fhould be plentifully, and fud- 
denly admitted into the glafs, and yet no air expell'd out of it; fo that, if 
then the glafs, which was fuftain’d before, fhould fall to the bottom, with 
a gravitation amounting to a confiderable weight, in refpect of its ca- 
pacity, the finking of it could not be afcribed, as before, to the recefs of 
the air, endow’d, as they fuppofe, with pofitive levity ; but to the weight 
of the water admitted, which, when thus weigh'd, would be environ’d with 
water of the fame kind: and to fhew, that this water might have a confi- 
derable weight, notwithftanding the place it was in, Temploy’d a pair of 
{cales, after the manner recited in the experiment, page 288, Vol. II. 

However, therefore, my expreffions difagree with thofe of my adverfa- 
ry, the diftance of our opinions is not fo wide, as itfeems at firft fight : 
for, he allows, as well as I, that the fuperior parts of water do, by their 
gravity, prefs the inferior ; but this he would not have amount to fo much 
es to mean, that water weighs, or gravitates in water. But, if he thinks, 
that, inmy experiment, I meant to propofe a method of making water de- 
{cend in water, and weigh it in that liquor, with a pair of feales, juftas I 
would a piece of lead, or a portion of mercury ; which are bodies much 
heavier i fpecie, than water ; either he miftakes my intention, or I did 
not fufficiently declare it. What I defign'd to fhew, and, I think, have 
fhewn, was, that by the help of an ordinary balance, it may be made ap- 
pear, that water, admitted into the glafs bubble, I employ’d, causd it to 
weigh much heavier than it did before that liquor enter’d into it ; and 
that this new weight, manifefted by the balance, was not due, as my adver- 
{ary fuppofes, to a recefs of the air. 

‘To this experiment, our author objeéts the following. “Take a piece 
€ of wood, lighter iz Jpecie than water, and add weight to it, by degrees, 
< slit become of the fame weight with water ; faften it, witha ftring, toa 
“ balance, and weigh it in water, and you will find the whole weight fup-~ 
“ ported by the water” But this is fo far from overthrowing my opi- 
nion, that it agrees very well with it. For, fuppofe the weight, added to 
the light wood, be lead, it cannot be faid, that the metal lofes its native 
ponderofity, whilft it refts in the water ; and the reafon why it defcends 
not,, is, that it, and the wood whereto it is joined, are hinder’d by the coun- 
terpoife of the collateral water, which, by its preflure, would raife the fur- 
face ofthe water whereon the floating body refts, if it were not hinder’d by 
the weight of thefe incumbent folids : and this refiftance of theirs, to the 


and continue funk. But this not fatisfying, becaufe twas pretended, that the UA Y¥NY 


endeavour of the water upwards, being exercifed only upon account of 


their gravity, fhews, that they do, in my fenfe, gravitate, tho’ not pre= 
gravitate. 
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“Tis obvious, that if wood, wax, or other bodies, lighter in fpecie 
than water, be detain’d under it, they will, upon removal of the 
force, emerge tothe top. And this they do fo readily, and, as it feems, 
{pontaneoufly, that the generality of philofophers, both ancient and mo- 
dern, afcribe it to an internal principle, which they call pofitive le- 
vity. 

es this principle was not, always, fo univerfally receiv’d among phi- 
lofophers, as in later ages; Democritus, and feveral’ of the antients, ad- 
mitting no abfolute, but only a relative levity: which opinion, fome of the 
moderns have attempted to revive. 

The experiment ufually urged, to prove the pofitive levity of wood in 
water, feems, to me, too flightly made, to be acquiefced in. "Tis true, 
indeed, if a flat board, for inftance a trencher, have its broad furface kept 
by a man’s hand upon the horizontal bottom of a bucket, full of water: 
when the hand that detain’d it, is removed, thetrencher will commonly foon 
afcend to the furface of the water. But,I do not perceive, that a deci- 
five experiment, of this kind, is eafy to be made with fuch materials: for, 
the wood, whereof both the trencher, and the bottom of the bucket con- 
fift, are fuppofed to be. lighter, iz Jpecie, than water; and, confequently, 
they muft be of a porons, and lax texture; whilft the more folid 
woods, as Lignum vita, brazil, Oc. whofe texture is clofer, fink in wa- 
ter. If, therefore, there be not much care ufed, to bring the furfaces of | 
the trencher, and the bottom of the bucket, to atrue flatnefs, and {mooth- 
nefs, the experiment will not be accurately made ; and, perhaps, tho’ it be. 
mentally, yet. it is‘{carce pra@ically. poffible to bring fuch porous bodies, 
as the lighter woods, to fuch a contact as is neceflary in this cafe. And, 
were that actually done, I fhould not expeét, that the trencher would af- 
cend. For, in my opinion, the caufe why, in ordinary inftances, wood, 
wax, and other bodies, {pecifically lighter than water, being let go at 
the bottom of a veflel, full-of that liquor, emerge to the top, is chiefly, 
that there is no fuch exquifite congruity, and contaét, between the lower 
fuperficies of the wood, and the upper of the bottom of the veflel ; but that 
the lateral parts of the water, being impell’d by the parts of the fame 
liquor incumbent on them, are made to infinuate, sate get between the 
lower parts of the wood, and the bottom of the veflel, and fo lift, or 
thruft upwards, the wood, which, bulk for bulk, is lefs heavy than the 
water that extrudes it. e. 

But, as the whole of the argument of thofe I difpute with, confifts in 
a fuppofition, that becaufe the trencher is placed on the bottom of the 
veflel, no water can come between to buoy it up; whence they conclude, 
it muft afcend by an internal, and pofitive principle of levity ; I made the 
experiment after another, and, if I miftake not, a better manner. 

We took, then, two round, cylindrical plates of black marble, which 
had thofe fuperficies that were clapp’d together, ground very flat, and 
carefully polifh’d, thatthey might touch in as many parts as poffible; and 
that the upper being taken up, the other. might ftick to it, and afcend with 

ws 


An Hydroftatical Difcourfe. 363 
it = and the better to keep out the water, the internal furfaces were, be- Sr ATICS- 
fore they were put together, lightly oil’d; which did not hinder them UAW, 
from moft eafily fliding along one another, as long as the contiguous fur- fi 
faces were kept horizontal: then a blown bladder, of a moderate fize, 
was faften’d to the upper marble, and both of them were let down to the 
bottom of fome ftagnant water; where, by the help of an eafy contri- 
vance, the lower marble was kept level to the horizon. And now the 
patrons of pofitive levity would have concluded, that the bladder, being a 
body much lighter than wood ; and being in an unnatural place, beneath 
the furface of the water, fhould, of itsown accord, and with impetuofity, 
emerge: but I expected a contrary event, becaufe the bladder, being ty’d 
to the upper marble, fo that both of them might, in our cafe, be confi- 
der’d as one body ; the water could not impel them up, fince the clofe 
contaét of the furfaces of the two marbles, kept the water, from infinu- 
ating between them; and, confequently, from getting beneath the upper 
marble, and preffing againft the lower fuperficies of it. And, to thew 
~ that this was the reafon why the bladder did not emerge, I caufed part of 

the oil’d furface of the upper marble to be flid off from that of the lower ; 
which, by reafon of the fmoothnefs and flipperinefs of the furfaces, was 
very eafy todo. But the contact full continuing ina greater part of the 
furface than was requifite, more and more of the upper marble was gra~ 
dually flipt from the lower ; till, at length, when the marbles touch’d but in 
one half of their furfaces, the endeavour of the water to force up the blad- 
der full of air, being ftronger than the refiftance which the contact but of 
part of the furfaces of the ftones, was able to make, they were fuddenly 
disjoin’d; and the bladder, by the extruding water, impetuoufly fhot up 
above the top of the water. : | 
With the fame marbles, we made feveral other experiments of this kind, 
moft commonly letting them down both together ; but. once or twice, at 
leaft, by placing the upper marble, under water, upon the lower, already 
fix’d to the bottom of the veflel. | ) 
“That twas not the weight of the upper marble, nor want of lightnefs, 
whether pofitive or relative, of the air included in the bladder, that kept it _ 
from afcending, is manifeft by the impetuous afcent of it upon disjoining 
the marbles; and by this, that the bladder would lift up, from the lower 
parts of the water, not only the upper ftone, when it touched not the 
other, but a weight of feven or eight pounds hanging at it. 
We, alfo, took a bladder, in great part freed from its air; and tying 
the neck of it very clofe, that none of the remaining air might. get out, we 
faften’d a confiderable weight to it; and, by the help of this, funk the 
bladder to the bottom of a wide-mouth’d glais, full of water, that the fur- 
face of the liquor might be confiderably higher than the upper part of the 
“bladder. ‘This wide-mouth’d glafs we included in a great receiver, which 
was carefully cemented on to the ‘engine. ‘The principal defign of the 
experiment was ‘to fhew, that tho’ the air included in the:bladder, was 
very far from being able, by its apeat levity, to lift up fo greata weight 
aa2 aS 
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‘Srarics. as the bladder was cloge’d with; yet the fame air, included in the blad- 
Y™ der, would, by its mere expanfion, without any new external heat, acquire 


a power of aicending, notwithftanding that weight; which afcent, there- | 
fore, muft be attributed to the water, that, according to hydroftatical laws, 
ought, cateris paribus, to relift thofe immerfed bodies the more powerfully, 
that being lighter, im fpecie, than it, poflefs the greateft place in it, and — 
hinder the more water from acquiring its due fituation. For the profecu- 
tion of this trial, we began to pump the air out of the great receiver 3 and 
its preflure upon the furface of the water being thereby gradually leflen’d, 
the fpring of the included air began, by degrees, to diftend the fides of 
the bladder, till, at length, the included air, {welling every way, took 
up fo much more room in the water, than it did before, that the water 
was able to lift the bladder, and the annexed weight, to the top, and de- 
tain it there, till we thought fit to let in fome of the excluded air 3 which 
forcing that in the bladder into lefs dimenfions, the weight was prefently 
able to fink it to the bottom. . 

But if, inftead of hanging fo great a weight at the neck of the bladder, 
we faften’d only a moderate piece of lead, fuch as would only ferve to fink 
the bladder, and keep it at the bottom of the water, fo that the agere- 
gate of the bladder, air, and metal, was but a little heavier than an equal 
bulk of water; then, upon the firft ftroke of the pump, which could with- _ 
draw but a {mall part of the air in the receiver, that in the bladder 
fuddenly expanding itfelf, the whole would immediately be impetuoufly — 
extruded by the water; tho’, after fome reciprocations, it floated in its 
due pofition ; but, upon the return of a little outward air, it would im- 
mediately fubfide. 

It may be objected, that the afcent of the weight was not effected by 
the preffure of the water ; becaufe rarity and levity, being fimilar quali- 
ties, the great rarifaction of the air might, proportionably, increafe the 
levity of it 3 and, confequently, enable it to perform much greater things 
than it could do before. I fhall anfwer this objeétion by the following 
experiment. | | 

About the neck of a conveniently fhaped vial, able to hold a few ounces 
of water, I caufed to be carefully ty’d the neck of a {mall bladder, whence 
the air had been well exprefs’d ; fo that the bladder, being very limber of - 
itfelf, and, probably, made more fo, as well as more impervious to the 
air and water, by the fine oil we had caus’d it to be rubb’d with, lay upon 
the orifice of the vial, like a skin clapp’d together, with many folds and 
wrinkles. This done, we let down the vial into a veffel full of water 3 
and the vial being poifed for that purpofe, funk perpendicularly in the li- 
quor, till its neck was partly above, and partly beneath the furface 
of the water: then, covering the external glafs with a large receiver, 
we caufed the air to be pumped out ; and as the preffure of that was 
gradually withdrawn, the air in the floating vial expanded itfelf into 
the bladder, and unfolded the wrinkles of it, till, at length, it became full 
blown, without altering the erect pofture of the glafs it refted on. Be 
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this great expanfion, being made above the water, and, confequently, ina Srarics. _ 
medium, not heavier than the included air, gave that highly rarify’d air 
no fuch increafe of levity, as fhew’d that it made fo much as the ‘neck of 
the glafs rife higher in the water, than it did before. Nor did we ob- 
ferve, that the return of the air into the receiver, by reducing the air in 
the bladder to its former unrarify’d ftate, made the glafs fink deeper than ; 
before. But when the experiment was try’d with the fame glafs and : 
bladder, at the bottom af the water; upon pumping out the air, the 
bladder, being dilated under water, was, after a while, carried up to the 
top, and took up with it about eight or ten ounces, that, to clog it, had - 
been faften’d to the bottom of the vial. 
But, to examine whether a portion of air, by being rarify’d, or ex- 
panded, acquires a new and proportionable degree of pofitive levity ; we 
took a bladder, of a moderate fize, which was very fine and limber, that 
it might be the lighter, and more eafily diftended. ‘The greateft part of 
the air, being fqueezed out of the bladder, the neck of it was tied up very 
clofe, that no air might get in or outofit. ‘This limber bladder was hung 
at one of the fcales of a balance, whofe beam had been purpofely made 
more than ordinarily fhort, that the inftrument might be fufpended, and 
continue capable of playing in the cavity of a great receiver, into which 
we conveyd it ; having, firft, carefully counterpois’d the bladder with a 
metalline weight, in the oppofite feale. ‘This done, the air was pumped 
out, and as that was withdrawn, the bladder was gradually expanded by 
the {pring of the internal air; till, at length, when the receiver was, well 
atnan. it appeard to be quite full. But, notwithftanding this great 
_ dilatation of the included air, it did not appear, by the depreffion of the 
oppofite fcale, to be grown manifeftly lighter than it was at firft. And 
the bladder feem’d, alfo, to retain the fame weight, after it had, by the 
air that was let into the receiver, been compreffed into its former flaccid: 
ftate. 
Lo determine whether a fith rifes or finks in water, by contracting, ,or 
expanding itfelf; take a bolt-head, with a wide neck, almoft fill it with 
water, and put therein a large live fith ; then draw out the neck of the 
glafs exceeding flender, and fill that alfo with water. Obferve the motion. 
of the fifh ; and if, upon his finking, the water, at the flender top, fub- 
fides ; we may infer, he contracts; and if, upon his rifing,. the water be 
_raifed, we may conclude, he dilates himfelf. | 
I employ two forts of experiments, to fhew, that. a fmall quantity of Te preffire of 
inclofed air, may, by its preflure, have a confiderable effect upon bodies ¢y sozie, fering. 
under water, notwithftanding the interpofition of that liquors. For. this ster. 
preflure may be manifefted by what it dire¢tly, and pofitively, performs 
upon bodies cover’d with water ; and, alfo, by the phenomena that regu- 
sai enfue upon the removal of the inclofed air, or-the weakning of its 
{pring. 4 | 
é We took a fquare giafs-vial, capable of holding- twelve ounces of wa~ Manifefted by. 
ter; the neck of, this we luted on carefully, and ftrongly, over the orifice experimenty 
: of 
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Srarrés. of the {mall pipe, at which the air pafles in our’ engine, out of the re- 
WIV ceiver into the pump: then, covering this glafs with a great receiver, we 
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tuted it ftrongly to the engine, and, at the top, pour’d in as much water 
as fufficed to frown the internal receiver, if I may fo call it, and co- 
‘ver it toa pretty height. ‘This done, we exaétly clofed, with a turn-key, 
‘the hole in the great receiver, at’ which the water had been pour’d in, 
that no air might pafs that way. And, laftly, we began to pump out the air 
scontain’d in the internal receiver; that the air, which, by the above-men- 


‘tion’d pipe, had communication with the external air, might no longer, by 


its preflure, affiit the glafs to refift the preffure which the incumbent, and 
inclofed air, by virtue of its {pring, conftantly exercifes upen the fubja- 
cent water, and, ‘by its intervention, upon the fides and bottom of the in- 
ternal receiver. At the firft exfuction, which could not be fuppofed to 
have well emptied the internal glafs, this veflel was, by the’preffure of 
the fuperior air upon the furrounding water, broken into numerous pieces. 
The fame experiment, with a like fuccels; was repeated with a ftronger 
internal glafs. | 

Having fqueez’d out of a moderately fized bladder, the greateft part of 
its’air, we tied the neck of it very clofe; and then, faftening to it a compe- 
tent weight, we placed it at the bottom of the 'talleft, and largeft glafs we 
could’ cover with our great receiver; that fo, tho’ the incumbent air were 
pump’d out, none of the water might efcape with it, but till retain the fame 
height above the bladder. Having, then, poured upon the bladder as 
much water as would fwim high above the upper part of it; we cover’d 


this glafs of water witha great receiver, which, being carefully cemented 


on to the Se tare pump was fet on work; and as the air which, by its 
{pring, pre{s’d upon the furface of rhe included water, was, by degrees, 
pumped out ; fo the air, imprifon‘d in the bladder, gradually expanded, at 
the bottom of the water, as if no fuch liquor had interpofed between 
them, otherwife than by its weight ; upon whofe account it muft be al- 
low’d a little to hinder the expanfion of the bladder, in proportion to the 
height it has above it. Thus the immerfed bladder was, at length, full 
blown, by the dilatation of the air inclofed in it; and, by its intumefcence, 
made a confiderable part of the water run over the fides of the glafs 
that before contain’d it all. And when acce{s was given again to the aya 
ternal air, the internal being comprefled, the bladder was prefently redu- 
ced to its flaccid ftate. 

We took a fmall fine bladder, whofe neck was ftrongly ty’d up, when 
it was about half full of air; this we put inte a fhort brafs-cylinder, the 
lower of whofe bafes was clofed witha brafs-plate, and the other left 
open; this open orifice we afterwards ftopp’d, but not exaétly, with a cy- 
lindrical plug, that was fomewhat lefs than it, and was, by a rim at the 
top, hinder’d from reaching too deep into the cavity of the cylinder, that 
it might not damage the bladder which lay beneath it: upon the plug we 
placed a conical weight of lead; and this pile of feveral things, being fo 
placed upon our engine, that we gould cover it with a great receiver,we care- 
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fully cemented on, fuch a veffel, and at the top of it pourd in fomuch water ‘Stratics. 
as would ferve to fill the. vacant part of the brafs-cylinder, and the cavity LAV 
of the engine to fuch a height, that it cover’d all the leaden weight, which 
was feveral inches high, except a rim faftened to the top of it, for the con- 
veniency of removing it.. This being done, the pump. was work’d; and, 
long before we had exhaufted the air of the receiver, that’ which was in- 
clofed in the lank bladder had, by degrees, difplay’d fo vigorous a fpring, 
that it raifed up the weight, which lay upon it, to a confiderable height, 
and kept it there, till the air was let in from without, to affift ‘its depref- 
fure by the lead, which amounted to no lefs than about twenty-eight 

ounds. 

: We took a cylindrical copper-veflel, of a confiderable height ; into this, 
being firft almoft filld with water, we put a {quare gla{s-vial, capable of 
containing nine or ten ounces of water, and exaétly ftopp’d with a cork, 
and a clofe cement; this vial, by a competent Weight, was detained’ at 
the bottom of the water, from whofe upper furface it was confiderably 
_ diftant ; then the copper-veflel, being placed upon the engine, and inclu- 
ded in a great receiver, well cemented on ; the air was, by degrees, pumped 
out: but, before it was quite exhaufted, the glafs, at the bottom of the 
water, was, by the {pring of the air included in it, bur into many 
pieces, not without great noife, and a kind of fmoke, or mift, that ap- 
peared above the furface of the water: and another glafs, of the fame 
fort, was broke, after the fame manner, in another veflel, 

Now, the confequence that naturally refults from the three laft experi- 
ments, is, that, fince barely upon withdrawing the preffure of the included. 
air, the air refiding in the immerfed bodies, did, by virtue of its {pring, 
expand itfelf fo forcibly, and perform fuch confiderable things: the air 
_ above the water muft have exercifed a very ftrong preffure upon the fur- 
face of it; for, it muit have been, at leaft, equivalent to that force of 
the immerfed air, the exercifé whereof it was able totally to hinder. 

And, from hence, it may be eafily deduced, that the weight of the at- 
mofphere acts upon bodies under water ; tho’ the interpofed liquor is vaftly 
heavier, in fpecie, than air: for, we have juft now proved the preflure of 
inclofed air, which confifts in its fpring, upon bodies’ under water. And,_ 
tis manifeft, that the ftrength of the {pring of this lower air, we make our~ 
trials with, is caufed by the weight of the upper, which bends. and com-- 
preffes thofe little fpringy particles whereof our air confifts: fo that the- 
weight of the atmofphere, being equivalent to the {pring of. the lower air, 
muit prefs upon the furface of the fubjacent water, with a: force equal to. 
the {pring of that part of it which is contiguous to the water.. 

It has proved a great impediment to the reception of’ the doétrine of Fuidsprefsin a 
the weight and preffure of the atmofphere, that, if it could, really, exercife few hs 
fo great a force as we afcribe thereto, it would, unavoidably, opprefs: all 
the bodies expofed to it: fo that neither men, nor other animals, would 
be able to move under fo great a load, gr withftand its force, = 


| Thisy. 


vee eres 


VN away by the following confiderations put together. 


| An Flydroftatical Difcourfe. —@ 
This I grant to be a plaufible objection, but the force of it will be taken, 
And. firft, the power of preffing, that we afcribe to the air, is nota 
thing deduced from doubtful fuppofitions, or bare hypothefes, but from 


aot pte real and fenfible experiments. And, therefore, fince we have clear and — 


pofitive proofs of the preflure of the air; tho’ we could not explain how 
men and other. animals are not deftroy’d by it; yet we ought rather to 
acknowledge our ignorance in a doubtful problem, than deny what expe-— 
rience manifefts.to be true. Thus the attraétive virtue, and other powers 
of the loadftone, are freely acknowledg’d, even by thofe who confefs them- 
felves unable to explain them ; tho’, if experience did not fatisfy us of 
them, they were liable to many more confiderable objeCtions, than any 
“urg’d againft the preflure of the air. : 
_. But thofe who make this objeétion againft the great preflure of the air, 
feem not aware, that we were conceiv'd, and born in places expofed to 
the preflure of the atmofphere : and, therefore, how great foever that pref- 
fure appears to.be, it ought not to crufh us now : fince, when we were _ 
but embryos, or newly born, we were able to refift it; and not only live, 
but grow to all dimenfions, in fpite of it. | 
If there were any place about the moon, or other celeftial globes, which 
fome fuppofe to be inhabited, that.had no atmofphere, or equivalent fluid, 
about it, and where men, yet, could be generated a-new; and one of thefe 
men fhould be tranfported thence, and fet down upon our earth, there 
might be.made an experiment proper to decide our controverfy. In the 
mean time, I doubt, fince nature is not obferv’d to make things fuper- 
fluoufly ftrong, fuch a human body, not being defign’d to refift any weight — 
or preflure Ee air, would be of fo tender and compreffible a make, that it 
would eafily be crufh’d inwards, by our atmofpherical preffure. And tho’ 
we cannot give an inftance of this kind, yet we make trials fomewhat like — 
it, in our pneumatical engine. For when we place waterin our receiver, 
and pump out the air that was above it, there will be generated a multi- 
tude of bubbles; fome of which, when the air is carefully withdrawn, 
{well to.a ftrange, and fcarce credible bulk. ‘Thefe bubbles being generated _ 
where the air cannot prefs upon them, fuch dimenfions are fo natural tothem, 
that if the receiver be ftanch, and no other unfriendly accidents intervene, - 
they would probably be durable ; fince I have known the {pring of highly- _ 
dilated. air continue for many months: and a bladder would, for no lefs 
time, continue blown and fill’d, in our vacuum, by a little air left in it, — 
when the external was withdrawn from it. Yet the large bubbles, when 
once the outward air is fuffer’d to come in upon them, are thereby fo vio- 
lently comprefs’d, that ina trice they fhrink into dimenfions too {mall to — 
keep them vifible. And if I could have fucceeded in my attempt of produ- 
cing living bodies in our vacuum, I fuppofe the fuccefs. would have con- — 
firm’d our doétrine. | rie 
You will tell me, that fo great a weight and preffure, as I affign to the 
atmofphere, muft needs make a man feel pain ; and if not diflocate ot ; 
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of the parts, at leaft prefs the whole body inward. But, 1. being ac- Srarics. | 
cuftom’d to this preffure from our very birth, and even before it, we are | 

_ hinder’d from taking notice of it; thofe preflures only being fenfible to us, 
that are made fo by fome additional caule, which, by making a new im- 
-preffion, excites us to obferve it. Thus, we are not fenfible of the weight 
of the clothes we wear; and fo a healthy manis not fenfible of the heat in 
his heart, becaufe ’tis conftant there, and the fentient parts of the heart 
have been ufed to it, tho’ that heat has been often very confiderable ; but 
when, in live diffeétions, a man puts his finger into the heart of an ani- 
mal, which probably has a fainter, or at leaft no ftronger degree of heat, 
than a human heart, he will feel in his fingers, accuftom’d to the air, a 
manifeft degree of heat. 2. It has been proved, that a cubic inch of air, 
for inftance, has a {pring fufficient to refift the weight of the whole .atmo- 
fphere, as far as it is expofed thereto; otherwife it would be more 
comprefs’d than in fact it is. 3. Avery little portion of air, tho’ it much 

\, fooner lofes its {pring by expanfion than a greater, pet will refift further 
compreffion, as much asa greater. 4. The pores of the parts of animals, 
whether fluid or confiftent, asin their blood, gall, urine, heart, liver, Oc. 
there are included a multitude of aerial corpufcles; as appears from the 
numerous bubbles afforded by fuch liquors, and the {welling or expanfion 
of the confiftent parts in our exhaufted receiver. 5. ‘To this we may add, 
that befides the bones, whofe folidity is not queftion’d, a much greater 
part of the human body than is ufually imagined, really confifts of mem- 
branes and fibres, and the coalitions and contextures of them; and that 
thefe fubftances are, by the moft wife author of things, made o fa much 
clofer and ftronger texture, than thofe, who have not try’d, will be apt to 
think. Laftly, there is a far greater difference than men commonly fuf- 
pect, between the effets of the preffures made upon bodies by folid 
weights, and thofe they fuffer from furrounding fluids. we 

Hence’tis not neceflary that the preflure of the atmofphere, tho’ as 
great as we fuppofe it, fhould opprefs and crufh the bodies of men, who 
live under it; for the folidity of the bones, and the ftrong texture of the 
membranes and fibres, with the fpring of the aerial particles, (which abound 
in the fofter as well as in the fluid parts of bodies) that is equivalent to the 
preflure of as much of the atmofphere, as can exercife its preflure a- 
eainft them ; make the frame of a human body fo firm, that it may well 
refift the preflure of the outward air, without having any part violently 
diflocated ; whilft this external preffure is exercifed only by the air, which 
being but a furrounding fluid, prefles equally on every fide. And be- 
caufe our bodies have been produced in the atmofphere, and from our very 
birth expofed, without intermiffion, to the preflure of it; our having been 
continually accuftom’d to this preflure, and the firmnefs of our ftructure, 
keep us from being fenfible of the weight or preflure. 

__ Multitudes of men have had occafion to pafs over high mountains, 

and I myfelf have been upon the. Alps and Apennines ; yet I never met 

with, nor heard of any one, who took notice of the difference, as 
bgavo. II. 3 Bbb ibe to 
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 Sratics. to the weight of air fuftain’d; or who complaind, that, when come down — 
LYN to the foot of the mountain, they felt any greater compreflure from the 

air, than atthetop. Yet, numerous experiments witnefs, that on more ele- 
vated parts of the earth, which have a lefs height of the atmofphere in- — 
cumbent on them ; the weight and preflure of the air is not fo great as be- 
low. And, on very high mountains, tis not unlikely that this difference 
may be very confiderable ; fince, when the Torricellian experiment was 
made near Clermont in France, upon the Puy de Domme, which is none of 
the higheft mountains in the world, they found the difference of the mer- 
cury at the top and bottom, to amount to about three inches ; and, con- — 
fequently, if the trial had been made with water inftead of quick-filver, 
the difference would have. been about three feet and a half, perpendicular 
height. And, on much higher mountains, the difference of the height 
of the mercurial cylinder at the top and bottom, would be much greater. 

‘ But, at the bottom of fome very deep well, or mineral groove, which may, 
without improbability, be fuppofed placed at, or near the foot of one of 
thefe mountains ; if we conceive the barometer to be let down, the va- 
riation would be much more confiderable ; yet we find not that the diggers 
in the deepeft mines, of mountainous countries, are fenfible of being 
deprefled, or comprefled, by any unufual weight. But, to build only on 
matter of fact ; it appears by the preceding obfervations, that when a man 
was at the bottom of the hill, he had an additional weight of air preffing 
upon his head, above what he fuftain’d at the top, equal to the height of an 
imaginary veflel of water, having his head for its bafis, and three feet and 
a half high ; which is fo confiderable a weight, as could not but have 
been, of itfelf, very uneafy to fupport. And the fame mutt be, propor- 
tionably, applied to the other parts of his body. Whence, we may infer, 
that fuch a weight was not felt by the man it comprefled, becaufe the pref- 
fure was exercifed after the uniform manner of fluid bodies. 

And this may fuffice to fhew, that there is no neceffity the compreflure 

_ of the atmofphere fhould make it impoffible to live in it. But, to clear this 

matter ftill farther, we made the following experiments. 
Experiments to Into a fhort hollow cylinder of brafs, we put a fine bladder, tyd fo 
siafrate and _clofe at the neck, that none of the air, whereof it was-about half full, 
brine. would, probably, get out. ‘This we did, to the end that the hen’s egg 
we were to bed init, might lie foft, and have its fides almoft cover’d with — 
the limber flaccid bladder, and contained air; then we cover'd the re- 
maining part of the egg with another bladder, that nothing hard might 
come to bear immediately upon the fhell; when, putting a wooden plug 
- nto the cylinder, and a weight’ upon the plug, tho’ flowly and warily, 
left the quick defcent. of the weight fhould make the plug break the egg ; 
we, in the laft place, cover’d the cylinder with a large receiver, and the 
air being drawn out, that air which was ty’d up in the bladder, by de- 
grees, expanded itfelf fo ftrongly, as to lift up the plug and the incum- — 
bent weight, to a confiderable height, and keep it there, till the external 
air was re-admitted. ) iy | ae 
Now,, 
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Now, fince the air, in fuch cafes, expands itfelf, vigoroufly, every way, Sratics. ) _ 
it muft prefs againft the egg with the fame force that it did, propor- ‘ 
tionably, againft the bottom of the plugs and that force was more than 
fafficient to life up the weight, which, together with the plug, amounted 
to about thirty pounds: yet the egg, being taken out, appear'd perfectly 
whole, and no way harmed. But the fame egg was afterwards crufh’d 
to pieces, by laying, warily, {mall weights, one after another, upon it, till 
they amounted to about four pound weight. 

We took a glafs-bubble, about an inch ‘and a half in diameter, blown 
at the flame of a lamp, that it might be far more eafy to break than the 
thinneft vial ; this bubble we included between bladders, as we did the 
egg in the former experiment ; and then, having warily put the plug into 
the cylinder, fo as to prefs upon the bladder that furrounded the glafs, 
we leifurely put» the. weights upon the plug, till they, together with it, 
‘amounted to thirty pounds, or more; which being removed, the plug 
was removed; and the. glafs-bubble, tho’ it. were, perhaps, as thin as 
fine white paper, was taken out whole. | : 

But, left the great refiftance of fo thin a glafs, which yet was not her- 

~ metically feal’d, thould be afcribed to. its {pherical figure ; we employ d, 

_ inftead of it, the fhell of an egg, whence, by a hole made at one end, the 
yolk and white had been taken out. — This empty and imperfectly clofed 
fhell, we-treated. as the glafs-bubble, in the laft experiment ; and, not- | 
withftanding the great leaden-weight that refted upon the plug, it efcaped 
without the leaft crack. _ 

And, to fhew that what we obferv’d about the nature of the compref- 
fare of fluid bodies, will hold as well in water as air ; we put an hen’s 
egg into a limber bladder, almoft full of waters and tying the neck very 
ftrait, that nothing might get in or out, we fo placed the bladder in the 

brafs-cylinder, that the egg might not be immediately touch’d by any 
thing that was hard ; then putting the plug into the cylinder, we warily 
and leifurely heaped upon it convenient weights of lead, till they amount- 
ed to about feventy-five pounds: notwithftanding all which, the ege was 
taken out found, and uncrack’d; and, probably, might have fupported a 
much greater preflure. ! 

Nor were eggs the only bodies we endeavour'd to crufh after this man- 
ner : the trial having been, alfo, made upon a piece of butter, of a very 
irregular fhape, it came out unalter’d. 
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_ &he Specific gra- 


 Effay-Initrument, | 


Wherewith to examine if COIN be 
adulterate or counterfeit. = 


bubble, with a long flender ftem, to compare the {pecific gravi- 
wities of fluids ties of feveral fluids, by its degrees of finking in them ; and, 
bibs coming to confider its ufes more attentively, I found it, alfo, proper to 
difcover the fpecific gravities of feveral folids. For, every folid, heavier 
than water, lofes in water as much of the weight it had in air, as a.bulk 
of water, equal to the immerfed folid, would weigh in the air. And, con~ 
fequently, as gold is by‘far the moft ponderous of metals, a piece of it, 
and one of equal weight of any other metal, being produced, the gold 
muft be the leaft in bulk. If both of them, therefore, be weighd in wa- 
ter, the gold mutt lofe lefs of its former weight than the other metal ; be- 
caufe both grow lighter herein by the weight of a bulk of water, equal to 
each refpectively. Hence, I concluded, that my floating inftrument would 
be made to fink deeper by an ounce, for inftance, of gold hanging at it un- 
der water, than by an ounce of brafs. | 
This inftrument may be made of glafs, copper, filver, or almoft any 
other folid body, that is fit to float on water, with a piece of coin 
hanging at it, and of a texture clofe enough to keep out the water. It 
confifts of three parts, the ball, the ftem, and the place for the coin. ‘The 
ball BCDE, if of metal, confifts of two thin concave plates, folder’d to- 
gether in the middle ; and at the moft diftant parts from the juncture, 
there ought to be left two oppofite holes, one in each plate, for the two 
other parts of the inftrument. ‘The ball fhould not be exactly round, but 
of any fit fhape, to keep the inftrument ere& and fteady in the water ; and 


it muft contain air enough to prevent the whole inftrument, when loaded, 
‘ from 


‘An eafy = | es formerly, ufed a little inftrument, confifting of a glafs- 
of determining ; 


Fig. 27. 
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from finking below the top of the ftem. ‘The ftem AB, muft be fol- Srarics. 
der’d on tothe ball, at the upper hole thereof. It may be either hol- SYN 
low, or folid; but it ought to be made very flender, and confiderably 
jong. In the lower hole of the ball, is folder’d the undermoft part of the 
infrument, which I call the ftirrupG. ‘The fcrew F, isa very fhort Fig. 28. 
piece of brafs, with a broad flit in it, capable of receiving the edge of 
the coin; which, with a turn or two of a flight fmall fide-fcrew, may 
be keptfaft in. Theftirrup G, is made of wire, which, a little below the 
bottom of the ball, is bent round, fo as to ftand horizontally, that the 
coin may be laid upon it. ”I'would be convenient to have the under ftem 
and ferew made feparate, that the ball of the inftrument, being fuffici- 
ently large, there may be room for two or three flat round pieces of 
metal K, with each of them a hole in the middle, fitted to the fize of the Fig 29. 
ftem, to ferve as balaft; being placed near the lower part of the ball, when 
the fcrew may be thruft on to fupport them. 

To adjuft this inftrument for the examination of a guinea, you mutt, Applied to the’ 
by the help of the ftirrup, or fcrew, hang a guinea, known to be genu~¢*2mination of 
ine, at the bottom of it ; and having ftop’d the orifice of the ftem, if hol- 6 
low, that no water may get in, immerfe the inftrument gently, and per- 
pendicularly in a veflel of fair water, almoft to the top of the ftem ; then 
jetting it alone, if, being fettled, it continues in the fame {tation, and po- 
fture, the work is done. If it emerge, adda little weight to it, either 
at the bottom, or the top, that the guinea may deprefs it as low as is 
required ; but if it fink quiteunder the water, lighten it, by filing off from 
the balaft-plates, above-nientioned, or otherwife. ‘Then fet a mark 4H, fig. 27. 
where the furface of the water touches the ftem; and taking out the in- 
ftrument, fubftitute in the place of the guinea, a little round plate of brafs, 
of the fame weight, or a grain or two heavier, in the air ; and putting the 
inftrument into water, as before, let it fettle, and make another mark I, 
at the interfection of the ftem, and the horizontal furface of the water. 

But there may happen a cafe, wherein the practical application of our 
inffrument will he unfecure. For, if a falfifier of money have the skill, by: | 
wafhing, or otherwife, to take off much of the fubitance of the coin, with- = 
out altering or impairing either the figure, or the ftamp; the coin will 
not deprefs the inftrument to the ufual mark, whence the suinea may be 
judg’d counterfeit, tho’ it be only too light. However, it prefently fhews, 
that the propofed guinea is abufed ; and, if the want of weight appear, by | 
the inftrument, to be very great, “tis a ftrong prefumption, thatit is rather 
wath’d, than counterfeit. But the balance will prefently refolve the doubt :: 
for, if the fufpeéted coin has its due weight in the air, the great lightnefs 
of it in water, feems to proceed from its not being of the requifite fine- 
nefs; and, if it want much’ of its due weight in the air, ‘tis probably 
wath'd, @c. rather than adulterated. i | 

It may be very convenient, for thofe who have frequent occafions to 
examine various forts of coin, to havea different inftrument adjufted to each. 


“ But if the ballbe made large, and with a ftem long and flender enough, we 
may 


wart 
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_ Srarics; may feon, by changing the balaft-plates occafionally, fit the fame inftrument 
LYNZ to examine coins of different metals, and weights. ‘Thus one of thefe, made 


of copper, ferves me for guineas, crown-pieces, and half-crowns; and 
may eafily be made to ferve for feveral foreign coins. 


And other mis'd  Aiter the fame manner, may pewter be compared and examined. For, 


metals. 


‘having once obferved, how far. the inftrument is funk, by a determinate 


weight of it, which is known to be good in its kind; and to contain its due 
proportion of lead and tin; if you load the inftrument with an equal weight 
of any other mafs of pewter, and it fink deeper, the proportion of 
lead, very probably, exceeds in the mixture ; tho’ “tis poffible to debafe 
pewter with mineral fubftances, whofe {pecific gravities are not well known: 
but to do it with lead, feems to be the moft gainful way. 

This inftrument, may, alfo, affift us to make a near eftimate of the 
finenefs of gold, and its different alloys with filver, or other determi- 


‘nate metals: for, being fitted to fink to the top of the pipe, with a cer- 


tain weight of the pureft gold, as fuppofe an ounce, make a mixture 
containing a known proportion of the metal wherewith you alloy the gold, 
fuppofe, of nineteen, or fifteen parts of gold, and one of filver ; and let- 
ting the inftrument fettle in the water, mark the place where the fur- 
face of the fluid cuts the ftem. Then putting in another mixture, 
wherein the filver bears a greater proportion to the gold, as, fuppofe the 
former be an eighteenth or a fourteenth part of the latter, you may 
obferve how much lefs than before, this depreffes the inftrument: and 
fo proceed to as many degrees of alloy, as can be diftinguifhed on the 
ftem ; always obferving, that the weight of each mafs, in the air, be 
exactly the fame with that of the pure gold; which we fuppofe an 
ounce. | 

By the fame method may be examined the different alloys of pure filver, 
with copper, or other metal, {pecifically lighter than filver ; and, with a 
flight variation, “twill not be difficult to eftimate in what degree, feveral 
coins, whether filver, or gold, are debafed, by the known ignobler meta! 
mixed in the piece propofed ; and this with greater exa€tnefs, than by the 
touch-ftone, or much more troublefome and chargeable methods. And the 
fame is applicable to other mixtures of. metals. 
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w AVING had occafion, amongtt other fubjeéts relating to the air, Paring bodice 
to confider its moifture, and drynefs, I eafily difcern’d, they hid seonthe anode 
no {mall influence upon feveral bodies ; and, among the reft, upon pip meng of 
thofe of men; as the air we breathe, either pafles from one of thefe ne 
fluid qualities to the other; or from one degree to another, in the fame 
quality. | 
I, therefore, immediately confider’d of a proper way, to difcover the 
changes of the air, as to moifture and dryneis; with their feveral degrees. 
For this purpofe it feem’d, to me, that, if a ftatical hygrofcope could 
be contrived, it would be very convenient ; and fit, both to determine the 
degrees of the moifture, or drynefs of the air ; and to tranfmit the obfer- 
vations made of them to others. And confidering, further, that among 
bodies, otherwife well qualified for fuch a purpofe, that was likelieft to 
give the moft fenfible informations of the changes of the air, which, in 
refpect of its bulk, had thelargeft furface expofed thereto ; I pitch’d upon 
a fine fpunge, as a thing which is portable, not eafily diffipated, but, by 
its readinefs to imbibe water, feem’d likely to attract the aqueous parti=- 
‘eles it might meet with in the air, and which, by its great porofity;. 
has much more of fuperficies, with regard to -its. bulk, than any body, not 
otherwife lefs fit for the purpofe. | 
But I here propofe, not the beft hygrofcope that might be contriv’d;. 
only one that is fimple, cheap, contained and fet upin a little room, eafly 
to be made and tranfported, ftatical, commodious, and applicable to,va~ 
rious ufes.. 
“In confidering, what bodies were the fitteft to be employ’d for ftatical | 
hygrofcopes, I made tryal of more than one, that feem’d not. the leaft 
promifing. I know, that common, or fea-falt, will greatly relent in moift 
air; and falt of tartar much more: but then, thefe falts will not eafily part 
with the aqueous corpufcles they have once imbibed ;:and are, in other 
refpects, lefs convenient than a fpunge. I made tryal, alfo, he lute- 
Ghia: Lrings,., 
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Sratics. ftrings, chofen very flender, that they might have the greater furface, in 
/ refpect of their bulk; and thefe I found very well to imbibe the moi-~ 
fture of the air-: but, afterwards, they did not anfwer my expectation. 
I, alfo, caufed a cup to be turn’d out of light wood, which, that it might 
Jefs burden a tender balance, had, inftead of a foot, a little button, 
whereto a hair might be tied, to fufpend it; and this cup, being exceeding 
thin, that it might have much furface expofed to the air, proved fo good. 
a hygrofcope, that I made feveral obfervations with it, for a confiderable 
time. It agreed, alfo, with many trials, made on other occafions, that 
white fheeps leather, fuch as is ufed for plaifters, would be very convenient 
for my purpofe. And, indeed, I found, by feveral obfervations, that if 
this leather were a fubftance as little lable to corruption as a fpunge, it ~ 
would be a fitter matter, than any other I had employ’d, for hygro- 
{copes. 
A Spunge made But. upon the whole, I found no body fo convenient for my purpofe, as 
eee: a {punge: to try the porofity whereof, we weigh’d out a dram of the 
fine fort ; and having fuffer’d it to foak up what water it could, we 
held it in the air, till it dropp’d fo-very flowly, that we counted a 
hundred between the falling of two fucceeding drops; then putting it into 
the balance wherein it had been weigh’d before, we found, that as its di- 
menfions were increafed to the eye, fo its weight increafed upon the fcale ; 
amounting now, to above two ounces and two drams; fo that one dram of 
fpunge, tho’ it feem’d not altogether fo fine as the portion we had chofen 
for our hygrofcope, imbibed and retained feventeen times its weight of 
water. OEY . 
And twe’d into Now a fpunge is eafily rurn’d into a hygrofcope; for, having weigh’d 
it when the air is of a moderate temperature, it only requires to be put 
into the fcale of a good balance, fufpended on a fix’d and itable fupporter. 
For the fpunge, being carefully counterpoifed, at firft, with a metalline 
weight, which alters not, fenfibly, with the changes of the air, it will, by 
its rifing or falling, fhew how much the neighbouring air is grown dryer 
or moifter, in the place where the inftrument is kept. The weight of the 
fpunge may be greater, or lefs, according to the fize and goodnefs of the 
balance, and the accuracy required in the difcovery. For my part, tho’ 
I have, with very tender {cales, long employed but half a dram of fpunge, 
J found it anfwer my expectation: and tho’, when I ufed a bulk i - 
veral times as great, in a ftronger, but proportionably lefs accurate ba- 
lance, I. had il fuccefs; yet, after trials with different quantities of 
it, I preferr’d that of a dram ; as not being fo heavy as to overload the 
finer fort of gold{mith’s fcales, and yet fufficient to difcover changes 
confiderably minute ; turning, difcernably, with a fixteenth or twentieth 
art, and, manifeftly, with half a quarter of a grain. 7 
Experiments With fuch hygrofcopes as thefe. een the balance ought to be ftill 
| png |: fufpended and charged) I made feveral trials, fometimes in the 
{pring, fometimes in the autumn, and fometimes, alfo, in the fummer 
and winter.. Having once kepta dram of fpunge fufpended; during a 
| whole 
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whole fpring, and a great part of the preceding winter, and fubfequent Srarics. 
fummer, I was well rewarded by the obfervations it afforded me. =i , 


Now, the ufe of a hygrofcope is either general, or particular. 


The general ufe is, to eftimate the changes of the air, as to moifture The ufe of ty 
and drynefs, by fuch ways of meafuring them, as are eafy to be known, #7" 
provided, and communicated. Tis obvious that our ftatical hygrofcope 
has the advantage of the common forts, in thefe feveral ref{pects. 

‘There is, however, one great imperfection, which all that I have been 
acquainted with, are liableto ; the want of a ftandard of the drynefs and 
moifture of the air ; by relation to which, hygrometers fhould at firft be ad- 
jufted, and afterwards compared with one another : tho this inconvenience 
may poffibly be remedied. In the mean time, even our flight inftrument 
will, in many refpeéts, prove very ferviceable. | 

And firft, it will, on many occafions, be ufeful-to fhew, both that the 7 ft wleof 
+ ete . rar the flatical by- 
air is ufually lefs moift at one part of the artificial day, than at any other 5 grofeope, tofuow 
and at what particular time of the day, or night, it moft commonly is fo. see — 
I remember, when the weather was ata ftand, I ufually obferved, that therin the fame 
the fpunge had manifeftly gain‘d in the night, tho’ it were kept in a bed- mom #+7» “ 
chamber, and grew lighter again between the morning and noon. But 
this obfervation, which was made towards the end of winter, would not . 
hold, in cafe frofty nights, or fome other powerful caufe intervened. 
?Twere proper, alfo, to obferve, whether there be not a correfpond- 
ence betwixt the hygrometer, and barometer, ; and, if there be, in what 
kind of weather, or conftitution of air, it is moft, or leaft to be difcerned. 
And this enquiry feems the more dubious, becaufe the fame changes of the 
atmofphere may, upon differing accounts, have either the like, or quite 
contrary operations upon thefe two inftruments. For, in fummer, when 
the atmofphere is ufually heavier, the hygrofcope is ufually lighter : fome 
ftrong winds, as with us the north-weit, may make both the atmofphere, 
and barometer lighter ; whereas, foutherly winds, efpecially if accompanied 
with rain, often make the atmofphere lighter, and the {punge heavier. 
On the other fide, I obferve, that eafterly winds, efpecially when they 
begin to blow in winter ; tho’, by reafon of their drynefs, they make the 
hygrofcope lighter; yet, at leaft here, at the weft-end of Loudon, they com- 
monly fhew the air, by the barometer, to be heavier. It were, likewife, fit 
‘to be obferved, particularly by thofe who live on the fea-coaft, whether the 
daily ebbing, or howing of the fea, do not fenfibly alter the weight ‘of the 
hygrofcope. “I'would, alfo, be very convenient, to take notice, at what 
times of the day or night, cateris paribus, the air is molt damp and moft dry ; 
and not only in feveral parts of the fame day, but in feveral days of the 
fame month ; efpecially on thofe, wherein the full or new moon happens. 
And this feems a more hopeful way of difcovering, whether the full moon 
diffafes a moifture in the air, than thofe vulgar traditions of the plumpnets 
of oyfters, fhell-fifh, the brains of fome animals, the marrow in their bones, 
&c. It may alfo be noted, whether monthly fpring-tides, efpecially when 

Vot. Il. ‘ Cox: | they 
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Srarics. they happen near the middle of March or September, have any fenfible fect, 
‘|MAVNY upon our inftrument. r : \ moh 
: ‘pamela The hygrofcopes made of an oaten beard, after fome months, begin to 
one year, and dry up and fhrink; fothat their fenfe of the varying degrees of the moi- 
-Lebm i a fare of ‘the air, is not fo fudden as before ; and the informations they 
than amiber, give of the degrees of it, efpecially towards the outmoft bounds of their 
power, to fhew the air’s alterations, become more and more irregular. But 
the durablenefs, and other convenient qualifications of our fpunge, making 
its capacity of doing fervice more lafting, may the better help us to com- 
pare the greateft moifture and drynefs, both of the fame feafon, and of the 
feafons ot one year, with the correfpondent ones’ of another. And, if the 
weight of the {punge, at a proper time, when the temperature of the air is 
neither confiderably moift, nor confiderably dry, be taken for a ftandard ; 
a perfon may, by computing for how many days, at fuch an hour, and how 
much, at that hour, it was heavier or lighter than the ftandard ; and, alfo, 
‘by comparing the refult of fuch an account, in one year, with the refult of 
the like account in another, be affifted to make a more particular, and near 
eftimate of the differing temperature of the air, as to moifture and drynefs, 
in one year than in another ; and in any correfpondent feafon, or month, 
affigned in each of the two years propofed. And, how far the comparifon, 
or continuance of fuch obfervations, both in the fame place, and alfo in 
different countries, and climates, may be ufeful to phyficians, in reference 
to thofe difeafes, where the moifture and drynefs of the air have much in- 
tereft ; and the husbandman, to forefee what feafons will prove friendly, 
or unkind, to particular foils and vegetables ; it muft be the work of time 
to teach us : in the interim we have no reafon to defpair, that the ufeés to 
be made of fuch obfervations, may prove confiderable. And if, by the 
refult of many obfervations, men may be enabled to forefee the tempera- 
ture of a year, or even of a feafon, it may advantage other profeffions of 
men, who receive much profit, or prejudice, by the great drynefs, or ex- 
ceffive moifture of the feafons. Not to mention thofe who cultivate hops, 
fafiron, and other plants, that are tender, and beara great price ; fucha 
forefight, as we are {peaking of, may be of great ufe to fhepherds, who, 
in feveral parts of England, often fuftain great lofles, by the rot of fheep ; 
which ufually happens through excefs of moifture, in certain months of 
the year. And, in order to lay foundations, whereon to build prediGtions, _ 
it may not be amifs to regifter the number, magnitude, and duration, of 
the confiderable {pots, that may at this, or that time of the year, happen 
to appear, or be diffipated, on, or near the fun ; or, to take notice of any 
extraordinary abfence of them ; and to obferve whether their apparition, or 
diffipation, produce any changes in the hygrofcope. "This, indeed, I thould 
not venture to propofe, but that eminent aftronomers have cafually obfer- 
ved great drynefs to attend the extraordinary abfence, or fewnefs of 
the folar fpots. And fuch perfons as are aftrologically given, may ex- 
tend their curiofity, in the ufe of this inftrument, to obferve, whether 
eclipfes of the fun and. moon, and the great conjunctions of the fuperior 
planets, have any remarkable effect upon it. BoB 
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I have found, by removing the fpunge into the wind, that ic foon re- ciineee 
ceiv’d a very confiderable alteration, in point of weight ; as it, alfo, did, LZVWN 
when remov'd out of a room, into a garden, where the fun fhone: for, Pio) ” 
tho’ the feafon were not warm, it being then the month of “fanuary, yet, compare the 
in three quarters of aii hour, the fpunge loft a 24th part of its weight. pee ee 
We may, alfo, in fome cafes, ufefully fubftitute a broad piece of  fheep’s- she alt, mar 
leather, by difplaying it to the wind. For this having, by reafon of its lca piel 
thinnefs, in proportion to its breadth, a very large fuperficies immediately weather. 
expofed to the wind, we found it to be confiderably ‘alter’d thereby ; 
fo that half anounce of it, well-prepared, being kept, for an hour, in a 
place where the fun-beams might not beat upon it, did, in a’ ftrong 
wind, vary aneighteenth part ofits original weight. “But tho’ I think it 
very poffible to make fuch obfervations of the temperature of particular 
winds, as will frequently prove fo true as to be ufeful, at leaft, to thofe 
who live in the places where they are made ; yet Iam of opinion, that, 
to be able to fettle general rules, to determine, with any certainty, the 
quality of wittds, according to the points of the compafs, from whence they 
blow, great warinefs’ will be required: and ‘he who has’ not fome 
competent skill in phyfics, and cofmography, muft be very fubject to mi- 
ftake in forming his rules. ! 
For, winds that blow from the fame quarter, are not, in fome countries, - 
of the fame quality they are in’ moft’ others ; but participate much of the 
nature of the region over whichthey blow, in their paffage tous. At Archangel 
they obferve, that tho’ a northerly wind, almoftevery where elfe, without the . 
tropics, produces froft inwinter, it is there attended with a thaw ; probably 
 becaufe this wind comes over the fea, which lies north from that place : and 
on the contrary, a foutherly wind, blowing over a thoufand, or twelve 
hundred miles,of frozen land, rather increafes the froft, than brings a thaw. 
‘The northern’ ‘winds; which are elfewhere drying, are faidin Egypz to be’ 
moift. ‘And'wé ate-told, that the northern wind in Egypt, is the moifteft.: 
Monfieur de Serres, {peaking of the changes of the air, with regard to huf- 
bandry, in feveral parts of Frauce, informs us, that about Tholouze,. the 
fourch-wind dries the ground, and the north gives rains. On the con- 
trary, from Narbonne to Lyons, all over Provence an Dauphine, the latter 
catifes drynefs, ‘and the other brings moifture.- ei dhanesan | 
But, farther, the vehemence, or the faintnefs of the ‘wind, though blow- . 
ing over the fame country, may much diverfify its operation on the hygrof- 
cope ; and the fame wind, which, when it blows but moderately, appears 
moift by the-hygrofcope, may, when vehement, or impetuous, make the in- 
flrument grow lighter ; difeuffing and driving away more vapours, by the 
agitation of parts it’makes in the fpunge, than is balanced by thole aque- 
ous vapours that-are brought along with it. And frofty weather, as we 
found often, made the hygrofcope grow lighter, even at night ; but fnowy 
weather, which lafted not long, added fomething to the weight of the 
fpunge: “and it has: beetobferv’d, that mifts and ‘foggy weather adda. 
weight to it. a WOM OTS MA WIR DIK # ‘be st agai iN 
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Sratics.. Nay, ‘tis probable, that a.trantient cloud, in fair weather, may be ma- 
WYN nifettly obfervable by our inftrument. For, the goth of September, being 

for the moft part, a very fair fun-fhiny day, and tho’, about ten a clock 
in the morning, the fun fhone brightly, the {punge began to preponderate ; 
which unexpected phenomenon made the perfon, in whofe chamber the 
inftrument was, look out at the window, where he difcover’d a cloud that 
darken’d the fun; but, after a while, this being paft, the balance return’d 
to an equilibrium. And, Ihave more than once, or twice, obferved, efpe- 
cially in fummer, that when the air grew heavier, the hygrofcope either 
continued ata ftand, or, perhaps, grew lighter ; as.if, when fuch. cafes 
happen, the effluvia that get into the air, either from the terreftrial, or 
fome other mundane groves were not fit, like vapours, to enter and lodge 
in the pores of the {punge ; and fo were corpufcles of another nature ; 
with which, when we find by the barofcope, that the air is plentifully 
ftock’d, it may be worth while to obferve, whether any, and what kind of 
meteor, will commonly be fignified, and produced. 
A fourth wfes te As it 16 of great ufe, both in refpeét of mens health, efpecially if they 
compare the ten- thw es i 
perature of aif-be of a tender, or fickly conftitution ; and for the convenlency of the keep— 
wee pte ing flefh, feveral forts of wares, Gc. that are fubjeé to be damaged by 
vioms inthe Jame moift air ; fo this may be readily and manifeftly derived from our inftru- - 
bude. ment. For, by removing it into feveral houfes, or into feveral parts of 
_ the fame houfe, and letting it ftand, for a competent time, in each, we have 
often obferved a notable difference ; of which I fhall here give two or three 
inftances. : | 
Having, upon the roth of Oétober, taken.a piece of fine fpunge out of 
a cabinet,and clip’d it till ic weigh’d juft half a dram, in a nice pair of {cales, 
and a warm room; we afterwards removed them into a neighbouring) 
room, deftitute of a chimney. ‘This ftatical hygrofcope, was, Ottober 12. 
at night, remov'd into the poe: room, and the {punge found to. have’ 
gaind three grains, and an eighth ; and, confequently, more than a tenth 
part of its firft weight : but, being fuffer’d to ftand in this warm room 3 in 
-Jefs than twelve hours, it loft a grain, and about one eighth of its former 
weight; though the time it ftood in this room were, for the moft part, 
night, andthe. weather rainy. | 
At another time, we took a piece of very fine fpunge, which had for- 
merly weigh’d juft a dram ; but having been, for many months, kept ina 
very warm room, it was grown much lighter: for, removing it into an 
upper chamber, in a neighbouring houfe, and weighing it in tender {cales, in 
the evening ‘twas found to want four grains, and three quarters, of a dram; 
and tho’ there was a fire in the room, and the fcales ftood not far from it, 
yet, in a thort time (the day being foggy and rainy) the fpunge vifibly de- 
prefs'd its fcale three eighths, and, the next morning, was found to want but 
one grain and a half, of a dram ; fo that it had gain’d about three grains 
and a quarter: and the following evening, being the fecond of Yanuary, it 
weigh'd one dram, a grain, and almoft a half. So that in about one na 
tural day, the {fpunge had acquired fix grains from the moifture of the as : 
that 
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that is, a tenth part of irs firft weight;and a greater proportion to the. Srarics, 
weight it had the day before. The third of Fanuary, the weather being Vana ei) 
yet moift, the weight exceeded two grains : but about three or four of the 
clock, inthe afternoon, it began to lofe of that great weight, which dimi- 
nifh’d more by the next morning ; the weather having chang’d that night, 
and become frofty. 

A dram of {punge, that had, for feveral weeks, been kept in a dry room, 
was (Fauuary 10.) carried outinto a room, where a fire is not. ufually 
kept; the weather being extraordinary foggy : the next morning it was 
brought into the former room ; and though, now the weather was clear, 
it appear’dto have gain’d about eleven grains in weight ; yet it prefent- 
ly loft two grains, by ftanding in this room. 

In {mall chambers, I have often obferved a moderate fire to alter the 74. gay wf, t 
weight of the inftrument, placed at a diftance from it, after it had been sbjerve, is a 
well kindled for a very little while ; but, in wet weather, if the fire were ae fe 
not feafonably recruited, with frefh fewel, the decay of it would foon begin Prefence, or ab- 
to be difcernable by the inftrument. | rt oe 

Suppofing the alteration of weight in our f{punge, to depend, only, upon Tie fxth xfe, t0 
the degree of the moifture of the air ; if a convenient part of the room be be « chamber 
chofen for the hygrofcope, and it be kept conftantly there, ‘tis eafy, from tiegre often ; 
time totime, to perceive when twill be requifite to increafe, or moderate * 
the fire, fo asto keep the fpunge at that weight it was of, when the tem- 
perature of the air of the chamber, as to drynefs and moifture, was.fuch 
as is defired. Ihave, fometimes, obferved, with pleafure, how. manifett. 
and great a change, in the weight of our {punge, would be made, when 
the room was wafh’d, and, for a confiderable time after ; tho’ a large fire 
was kept in it, to haften its drying. 

Befides thefe feveral ufes of our hygrofcope, there may, poffibly, be: 
many others; and, perhaps, by a little alteration, and improvement, it. 
might be made capable of fhewing fome difference betwixt fteams of difter-- 
ing natures ; as thofe of water, init of wine, chymical oils; or new kinds. 
ie fubftancesin the air, wherein 1 fufpeét there may fometimes be difperfed. 
great plenty of unknown corpufcles. For, I haye, more than once, ob- 
ferved, the hygrofcope not to be affected with the alteration of weather,, 
an{werably to what the manifeft conftitutions, or variations of it, feem'd. 
plainly to require. Whether unobfery’d particles perform’d this, by 
making the other fteams, in point of figure, or fize, unfit to enter the minute- 
pores of the fpunge; or by diffipating, or otherwife procuring the avolation. 
of more of the watery particles, than they could countervail, Ifhallnot now: 
examine. And, perhaps too, by aflociating this inftrument with the ther- 
mofcope, barofcope, Ge. it might be fo improved, as to help us to fore-. 
fee many confiderable things, that either are, themfelves, changes of the air, 
or confequences thereof: for inftance, fickly and healthful conftitutions of. 
the air ; barren, or plentiful feafons, in particular places of countries ; {trong 
hurricanes, earth-quakes, inundations, and their illeffects ;, and efpecially 


thofe accidents that depend much upon the furcharge of the air, Nie 
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other exhalations, and moift vapours, which before-hand operate fenfibly 
upon our inftrument ; and therefore may be difcernable by it, long before’. 
they arrive at that height, which makes them formidable meteors. And, 
$f it were but the foretelling approaching rain; this very thing may, on) 
‘many occafions, prove very ferviceable, and recommend our inftrument,’ 
-which often receives much earlier impreffions from the fteams that float® 
4n the air, than our fenfes do; fo that I have been able to foretel a fhower 
.of rain, efpecially in dry weather, for a confiderable time before it fell. 

And here I muft advertife, with regard to our inftrument, as well as — 
the barometer, that if atheory, or hypothefis, in itfelf rational, be found 
agreeable to what happens the moft ufually in obfervation ; it ought not to 
be rejected, or laid afide ; tho’, fometimes, particular inftances may call: 
it in queftion. For, tis ‘very poffible, that the theory, or hypothefis, may 
be as good as a wife man would require, about fo mutable a fubjeét as’ 
the weather. And the caufe affign’d by the hypothefis, may, really, a€t fui-’ 
tably to what that requires, tho’ a contrary efteét enfue, by reafon of this 
caule being accidentally over-ruled, by fome more powerful agent, which’ 
for that time invades the air. ‘Thus we know, that tides do, in general, 
correfpond with the motions of the moon ; and generally ebb and flow at” 
fuch times, and in fuch meafures, as the theory, grounded on that corre- 
{pondence, requires: yet feamen find, that in this, or that particular har- 
bour, or mouth of a river, fierce contrary winds, great land-floods,’ and * 
other cafual caufes, fometimes, both very much’ difturb the regular courfe’ 
ofthe tides, and either increafe, or leflen them. a 


Nae A rpak Lt all « 


iQ@°Till farther, to recommend the ufe of hygrofeopes, I fhall here thew, — 


that the quality they acquaint us with, may be very confiderable, not 

only upon mens healths, but upon fubjects far lefs tender, and lefs curi- 

eufly contriv'd, than human bodies. | | | 
That the moifture of the air may have no fmall influence, and, ufually, 

a bad one upon mens healths, tho’ experience did not fo’ often teach it, 
I fhould direétly infer, from its operation upon the dry and firey parts of 


animals ; and even in thofe cafes, where, for want of time, or other im-° - 


pediments, it cannot produce any fenfible degree of putrefaétion. 

The skins of animals may eafily be invaded by the moift particles of 
the air, becaufe of the great number of their pores; which may be conclu- 
ded from their hairinefs, their fweat, or both. And I lately obferved, | 
that fheep’s-leather imbibes the moifture of the:air, and increafes in weight ° 
upon it, as plentifully as almoft any body I havé expos’d to it. 

But to fhew, that:much clofer membranes, and which nature made to 


_ be impervious to fuch a liquoras urine, may be affected by the vapours of the 


air; I fhall add, that having purpofely taken pieces of fine, well-blown | 
bladders, and, as far as appear’d, of a very clofe texture, and counter- 


pois’d them ina good balance, I found they would confiderably’ increafe 


their 
\ 
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their weight in moift, and lofe it again in dry weather ; fo that I might Sratics. 
ak eppley the moft membranous part of a bladder, to make a flatical UA Y¥™s: 

rofcope. | 

Ni tho” bones are the firmeft and moft folid parts of animals; and, as- 
it were, the pillars by which their fabric is fuftain’d ; yet, even thefe may 
be pierc’d, and fenfibly afiected, by the moifture of the air. For, having 
caufed the skeleton of a human body, to be fo fet together, that by the 
help only of flender wires, artificially order’d, the natural motions which 
the mufcles make of the bones, might be wellimitated ; I obferved, that 
tho’ in dry, and fair weather, the flexures of the limbs might be readily 
‘made; yet, in very moift weather, the joints were not eafily bent; as if the — 
parts were grown ftiff and rigid: which feem’d to proceed from the moift 
particles of the air, which having plentifully infinuated themfelves, at the 
pores, into the bones, had every way diftended them, and thereby made the 

arts bear harder againft one another, at the junctures, or articulations. 
~ But, farther, the moifture of the air may exercife a confiderable force, Upon vegeta” 
even upon inanimate, and inorganical bodies. Even well-feafon’d wood,’ 
will fuffer a kind of divulfion of a multitude of its parts, and be manifeft~ 
ly diftended by aqueous corpufcles getting into its pores. Having procur’d. 
a piece of found and. feafon’d wood, of about an inch in diameter, to be: 
turn’d exactly cylindrical, and alfo a ring of brafs, or ivory, to fit it; fo- 
that it might, with eafe, be put on, and taken off: we fet the piece of 
wood in fair water, and left it to foak there for feveral hours; at the 
end of which, it was vifibly fwell’d : fo that the ring which was adjufted to. 
it before, was manifeftly too little to go again upon it; or, with its ori- 
fice, to cover the whole bafis of the diftended cylinder ; which, after- 
wards, being dry’d in the air, fhrunk into a capacity fit to enter the ring~ 
acain. And, in this experiment, I took notice, that the great ditenfion 
of the wood, was not produced all at once, or foon after it was put into. 
the water, but it fwell’d by degrees, and lay foaking there for feveral: 
hours, before it arrivd at its utmoft dimenfions; the aqueous corpuicles . 
requiring, it feems, fo much timetoinfinuate themfelves, fufficiently, into 
the wood: which argues, that the internal parts were, likewife, aftected,.. 
tho’ when thefe came to fwwell, they had a.great thicknefs of wood.a-- 
bout them, to hinder their dilatation. | 

And to manifeft, that even in fummer, there are aqueous.vapours float=-- 
ing in the air; within fome days of Midfummer,, and.in clear fun-fhiny wea- 
ther, we took a pint glafs-bottle, and having put into it a convenient quan- 
tity of water, placed it, and four ounces of beaten fal-armoniac.in one feale 
of a good balance, and a counterpoife in the other ;, and then, putting the 
fait into the water, I obferv’d, that.tho’ for a. while the equilibrium re- 
main’d, yet when the frigorific mixture had fufficiently cool’d the_outfide » 
of the bottle, the roving vapours:of the air, that chanc’d to pafs along the. 
furface of the veflel, were, by the contact of that cold body, arrefted, cand... 
turn’d into a kind of dew, which, from time to time, made the fcale, that - 
held the glafs, preponderate more and more:and, at length, the drops grow~=- 

: ing 
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Srarics. ing larger, ran, in fmall rivulets, down the fides of the glafs. So that in 
. tefs than an hour, the condens’d fteams amounted to near a dram, which 

weight was, afterwards, much increas’d within about two hours more. 

And that the multitude, figures, and motions of thefe particles, in the 
form of vapour, may enable them to difplay no {mall force in their opera- 

tions on fome bodies, appears from the breaking of the ftrings of mutfical 
inftruments, firft brought to a ftrong tenfion, in rainy weather. For the 
vapours, which then wander through the air, infinuating themfelves into 
thefe ftrings, diftend and {well them, and thereby endeavour to fhorten 

“them, fo forcibly, that they often break with a fmart noife and great vio- 

“lence: and if we confider how great a weight fome of the bigger ftrings of 
bafe-viols, that have been obferved to break in moift weather, require 
to ftretch them till they break ; this effe€t of the moift air will appear to 
require a very great force. ) 

And even non  Befides, an ancient mufician, and a great organ-maker, inform’d me, 

ce andmi- chat the wire-ftrings of mufical inftruments will, for the moft part, be out 

3 of tune in wet weather; the ftrings then, generally, affording their notes 
fharper than ufual; and that, upon great changes of weather, feveral 
organs would (after they had been long tuned) grow ont of tune, the 
wooden pipes {well, and the metalline ones be untuned. 

But fe bodies be of fuch a conftitution, as to affift the operation of the 
moift air, the penetrancy and efficacy of it may be ftill more confidera- 
ble. For, there are fome kinds of thofe marcafites that yield vitriol, which, 
whilft they lie under ground, or are cover’d with the fea-water, on 
fhores, retain a ftony hardnefs, and are often taken for mere ftones ; yet 
credible perfons have, cafually, obferv’d, that thefe, being expofed to the 
air, would, in tract of time, be fo penetrated by the moift particles of it, 
as to {well and burft. ‘That this will happen to fuch kind of ftones, by the 
help of rain, experience has perfuuaded me; and that it may, alfo, happen 
even to very hard and ftone-like marcafites, when they are merely expofed 
to the air, 1am apt to think, from fome tryals of my own. For, from 
fhining marcafites, tho’ kept but in my chamber-window, I have had vi- 
triolate efflorefcencies, which feem’d tobe produced by the action of the 
piercing moifture of the air upon the mineral. And Iremember, that very 
hard and heavy lumps of a marcafitical fubftance, which feem’d to be 

‘ftony, were fo difpofed to be wrought on by the air, that tho’ kept in my 
ewn chamber, or other cover’d places, yet in a fhort time were {fo pene- 
trated by the moift corpufcles of the air, that they burft into many pieces, 
which fell from one another ; and feveral of the divided portions might, 
eafily, be crumbled betwixt one’s fingers. And of fome of thefe I have ob- 
fervid, that a vitriolate fubftance was produced more plentifully in their 
snnermoft parts, than on or near their outfide. So that, confidering how 
great an external force would have been requifite to make fuch a commi- 
nution of minerals thus folid and hard, ’tis obvious, that the air’s moifture 
is capable, when it meets with fitly-difpofed bodies, to exércife a far 
greater force than is ufually imagin’d. 


And 
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And thinking it probable, that ropes themfelves would confiderably im- Srarics. 
bibe and part with the moifture of the air, and that fo as to fhrink in U“WNY 
rainy weather, tho’ clogg’d with a weight faften’d at the lower end; I fit Th ort oge 
caus‘d a rope, that was about twenty yards in length, but of no great thick- 
nefs, to have one of its ends faften'd to an immoveable body, at a conve- 
nient height from the ground, anda pully to be fo faften’d to another ftable 
body, at the diftance of eighteen or twenty yards from the firft, that the 
rope, refting upon the pully, lay almoft horizontally. But to the end of 
that part of the rope, which, from the pully, reach’d within two or three 
feet of the ground, was faften’d, by a ring, a leaden weight of fifty pound. 

To this was, alfo, faften’d a light index, placed horizontally, whofe end 
moved along an erected board, which by tranfverfe lines was divided into 
inches and parts of inches, reaching a confiderable way upwards and down- 
wards, that the index might, within thofe bounds, have room to play, ac- 

cording to the alterations of the weather. 

It being now fummer, we placed this apparatus in a garden, tho’ part~ 
ly under a pent-houfe, that the rope might be more expofed to the air, 
than it would have been within doors; and in two or three days, the 
weight had brought the rope to the utmoft ftretch that was able to give it: 
after which, it began manifeftly to fhrink and lengthen, according to the 
weather. So that once looking, over-night, upon the fufpended weight, and 
marking how low it reach’d upon the divided board ; when I came again 
the next morning, a great part of the night having been rainy, I found the 
cord fo fhrunk, that the weight was rais’d above five inches: yet the day 
eyowing dry and windy, and fometimes warm, the weight had, at night, 
‘ftretched the rope more than the moifture had contraéted it before. 

Afterwards having procured a far greater weight, I fubftituted it in the 
place of the other; and having fuffer’d it to ftretch the rope as far as it 
could, I regifter’d fome obfervations about it ; two whereot I fhall here fet 
down. © 

Sune 4. At half an hour after nine at night, Ilook’d upon the hundred 
weight that hung at the bottom of the rope, the weather being then fair ; 
and a mark being put at that part of the ere€ted board, where the bottom 
of the weight touch’d, I perceiv’d the sky a while after to be cloudy and 
overcaft, but without rain: wherefore going to view the weight again, I 
found it in an hour and a quarterto have rifen a quarter of an inch, or more. 

Yune6. Yefterday the weight was obferv’d to reft at the eleventh inch 
of the ereéted board. This morning abeut eight, I found it rifen about 
half a quarter of an inch above the eighth ; the morning being cloudy, tho’ 
the ground very dry and dufty. "The weather being overcaft, within lefs 
than an hour afterwards, (fome fcatter’d drops of rain then beginning to 
fall) I found the weight rifen about half an inch above the eighth mark *. 

Hence 


* Dr. Furin, to gain materials for an ex- | weather, and to fend in their accounts of 
a& meteorological hiftory, defires the cu- | it, annually, to the fecretaries of the Royal 
rious of all parts to keep.a diary of the | Society; where, being compared with thofe 
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Hence the force of the air’s moifture is not {mall, fince it could raife an 


part of an inch. 


made by the order of that illuftrious bo- 


dy, the refult may be publifh’d in their ~ 


Tranfa@ions. As fuch a work, for its 


great ufefulnefs, is highly defirable, we ' 


fhall here give the particulars, which the 
Doctor defires fhould be principally in- 
ferted in fuch a journal. 

And, 1ft, he requefts, that the heights of 
the’ barometer, thermometer, and the ftate 
of the hygrofcope, be obferv’d, at leaft once 
every day; from what point of the.com- 
pafs the wind blows, and-with what 


force; the appearance of the sky, and the 


quantity of rain or fnow, that fell fince 
the preceding obfervation was made. 

2. That in cafe of a ftorm, its begin- 
ning, increafe, height, decline, and ceffa- 
tion, be accurately remark’d, with the 
precife times wherein each happen’d, and 
the heights of the barometer correfpond- 
ing to thofe times. 

3.. That the common barometer, artifi- 
elally fill’d, be made choice of, the tube 
being ; or ¢ inch in diameter; and the 
veflel containing the ftagnant mercury, 8 
or Io times wider than the tube. 

4. If a. portable barometer be em- 
ploy’d, the Do&or recommends thofe of 
that excellent artift Mr. Hauksbee, in Crane- 
Court, Fleetftrect ; who alfo (fays the Doc- 
tor) makes moft exquifite thermometers. 

5. If any other thermometer be ufed, 
the Doftor defires that its fituation, ftruc- 
ture, fcale, and the name of the perfon 
who made it, may be fet down in the dia- 
ry ; and that this inftrument be placed in 
a room that looks north, where a fire is 
feldom or never made.. 

6. That they may be: the better com- 


LZYN/ hundred weight, tho’ the chord meafured, in diameter, but about the third 


Fame 


pared together, the Do&or farther defires, 
that the firft column may exhibit the day 
and hour of. the obfervation, old ftile ; 
that the fecond may fhew the height of 
the mercury in the barometer, in inches: 
of an Englifb foot, and their decimal parts; 
that the third column may contain the de- 
sree and decimal parts of a degree of the 
fpirit in the thermometer; that to the 
fourth be affign’d the wind, with its de- 
grees of force, which may be exprefs’d by 
the figures 1, 2,3, 4, and o for a perfect 
calm. That the fifth may contain the ap- 
pearance of the heavens, and a fhort hi- 
ftory of the weather. That the laft may: 
give the height of the rain or fnow when: 
diffolv’d, which fell fince the preceding 
obfervation, in Englifb inches, and their 
decimal parts. 

The quantity of rain, this very learn- 
ed gentleman tells us, may be eafily 
computed by means of a funnel two or 
three feet wide, fet in a clofe narrow- 
mouth’d veffel to receive the.water falling 
in an open place, and a cylindrical mea- 
{ure divided intoinches and decimal parts.. 
But the diameter of the cylindrical mea- 
fure fhould be 10 times lefs than that of 
the funnel; whence an inch height of 
water in the meafure, will appear to have 
fallen to the height of ;3.inch upon the 


rao 


funnel, and fo for other decimal parts of 


an inch. At the end of every month and. 


year, the Door defires may be fet down © 


the mean menftrual and annual height of. 
the barometer and thermometer, as like- 
wife the fum of all the heights of the rains 
that has fallen each month or year. See 
Philof. Tranf. N° 379» pe427e- 
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| | STATICS. 
A fpecimen of this Diary take as follows. \SY¥N/S 
Dies & Hora ; Barom.| Therm.) Vent. Pluvia. 
1723. alt. alr. Tehine Gas, 
Nov. St. V. | dig. dec. | gr. dec. dig. dec: 


1.8 a.m 29.795 149.6 |S.W. 1] Colum nubibus obdud. | 0.035 


Imbres interrupti. 
& poem | 29.56 $47.3 [5.W. 2 Sol per vices inter § 0.943 
currens 

2.72 a.m 4 29.24 148.5 |S. 1] Pluvia fere perpctua 0.725 
3.9 a.m | 29.95 149-7 [N. 1] Colum fudum 0.032 
5 p.m | 304 449-2 JN. 1} Colum fudum 0.000 
4: 7 am | 29.9 147-0 1S.W. 1] Nubes fparfe $0,000 
10 - | 29.7 146.2 {S.W. 2 eo ab 0,103 

Colum nubibus un- 
Kis saith Waconia egeilaalls dique fere te&um RRIF 
3 pom | 28.8 146.0 4S, 4] Nubes fparfe — 0.000 
5 28. 6 147.2 |S.W. 4] Eadem Celi facies @.000 
7 28.9 148.0 {S.W. 2] Pluit 2.000 
9 28.9 148.2 o| Pluvia fere perpetua Ee 
7 @&m {29.7 153-4 {N.E. 1[Sudum. Gelu. O.250 
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I. Piece of copper-plate, not near fo thick as a half-crown, weighing 
A twodrams and twenty-five grains, being placed, horizontally, in a 
crucible, whofe bottom had a little hole in it, for the fumes to get 

out at ; fo that it could not be remov’d from its pofition, nor be eafily made 
to drop down, and lofe its level, tho’ the crucible were turn’d upfide down ; 


- about an ounce and half of common fulphur, was put into a taller and 


broader crucible, and that wherein the copper ftuck, inverted into the 
orifice of it, that fothefulphur being kindled, the flame might reach the 
plate, and have fome vent beyond it, at the hole above-mention’d. The 
brimftone burn’d about two hours, in which time it feem’d all to have been 
refolv'd into flame; no flowers of fulphur appearing to have fublim’d in- 
to the infide of the upper crucible. And tho’ the copper-plate were at a 
confiderable diftance from the fired fulphur, yet the flame feem’d to have 


actually penetrated it, and to have made it vifibly fwell, and grow thicker; _ 


which appear'd to be done by a real acceffion ‘of fubftance ; fince, after 
we had wiped. off fome little adhering fordes, and, with them, feveral parti- 
cles of copper, that ftuck clofe to them, the plate was found to weigh near 
thirty-two grains more than at firft; and, confequently, had. increas’d 
its former weight, by above a fifth part. 

2. Having, by refining one ourice of fterling filver, with falt-peter, re- 
duced it to feven drams, or fomewhat lefs; we took a piece of it, that 
weigh'd fifty-eight grains, and ordering it, as the copper-plate, in the 


former experiment. After the flame of above one ounce and a quarter of _ 


fulphur had, for about an hour and half, beat upon it, the filver plate feem’d, 


CO 
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to the eye, fomewhat {well’d ; and the lower furface of it, next the flame, Strartcs. 
was brought to a great fmoothnefs ; the weight being increas’d to one LAWNS ~ 
dram, five grains, and three quarters ; which acquired weight, falling fo 
fhort of that gain’d by the copper, the difference may, perhaps, be attri- 
buted to the clofenefs, and compaétnefs of the filver, argued by its being 
heavier, ia fpecie, than copper; or to the greater difpofition of the pores. 
of copper, to be wrought on by the fiery menftruum”. 

Nor is it ftrange, that, the particles of lame, which are eitherof a fa- 
line, or a piercing terreftrial nature, being wedg’d into the pores, or 
being brought to adhere, very faft, to the little parts of the bodies, ex- 
pofed to. their action, the addition of fo many little particles, that want 
not gravity, fhould, becaufe of their multitude, be confiderable. upon a. 
balance; tho’ a few ofthem would have no vifible effect. 

3. Into a very fhallow crucible, we put one ounce of copper-plates, That fire may. 
and fet it ina cupelling furnace, where twas kept for two hours; and % ' Jam 
then being taken out, we weigh’d the copper, which had not been melt- 
ed, (having firft blown off all the afhes) and found it had gain’d thirty 

rains. | 

r 4. We took an ounce of copper filings, and putting them upon a very 
fhallow crucible, and undera muffler, we kept them there for about 
three hours ; and afterwards taking them off, we found them of a very 
dark colour ; not melted,. but caked:together, in one lump ; and increas’d 
in weight, the afhes and duft being blown off, no lefs than. 49 grains: 
part of which increafe, above that obtain’d by the copper plates, may, 
probably, be due to: the longer time that, in this experiment, the filings 
were kept in the fire. : 

5. We weigh’d out one ounce of fmall lumps of hartfhorn, that had been 
burn’d till they appear’d white ; and having put them into a crucible, and 
kept them in a cupelling furnace, for two hours, wefound, when they were 
taken out, that they had loft fix or feven grains of their former weight; per- 
haps, becaufe the internal parts of fome of them, might not be exquifitely cal- 
cined, but retain’d fome oleaginous, or other volatile fubftance 5 or becaufe,, 
having omitted to burn them well, before they were weigh‘d, they might, fince 
their firft calcination, have imbibed fome moift particles of the air :.for ha- 
ving kept them awhile in the fcale, wherein they were weigh 'd, they did,. 
within two or three hours, make it preponderate. At the fame time with. 
this hartfhorn, we, alfo, put in one ounce of well-heated brick, and kept 
that, likewife, in the furnace, for above two hours, at the end_of which, 


prifm of iron, that weigh’d three pound, | experiment being made in the open air, 
in feales which would turn with 53, grain, | and the metal being expanded by heas, 
afterwards heated the prifm red hot; | ‘tis plain, that the fpecific gravity of the 


when examining it again, by the fame ba- | heated metal, was decreas’d by the ex- 


* M. Mufchenbroeck, counterpoizing a ie in weight from the fire. For, the 


Jance, he ftill found it exa&tly three pound: | panfion, fo asto bethen lighter, with 
whence he juftly concludes, that it had | refpe& tothe air, De materia fubtili, p. 8, 9» 
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Sratics. weighing it, whilft it continued hot, we did not find it to have either fen- 
FV fibly got or loft ; but, fome time after, it feem’d, upon the balance, to have 
imbibed a little moifture from the air. 

6. Upon a good cupel, we put an ounce of Englifh tin, of the better 
fort ; and having placed it in the furnace, under a muffler, tho’ it pre- 
fently melted, yet it did not forfake its place, but remain upon the con- 
cave furface of the cupel, till, at the end of about two hours, it appeard 
to have been well-calcin'd ; and then being taken out, and weigh’d by it- 
felf, the ounce of metal was found to have gain’d no lefs than one 
dram. : 

7. An ounce of lead was put upon acupel, made of calcined hartfhorn; 
and placed under a muffler, after the cupel was firft made hot, and then 
weighd. ‘This lead did not enter the cupel, but was turn’d into a kind of 
litharge on the top of it, and broke the cupel, whereby fome part of the 
latter was loft in the furnace; yet the reft, together with the litharge, 
weighd feven grains more than the lead and heated cupel, when they 
were ptt in. 

8. We took a cupel about two ounces in weight, made of ten parts of 
bone-afhes, and one of charcoal-afhes, mix’d together with ale. This 
was, by it felf, put in a cupelling furnace, under a muffler; and when 
‘twas throughly and highly heated, we weigh’d it in that flate. This 
done, “twas immediately again plac’d under the muffler, and kept there 
for about two hours ; at the end of which time, *twas taken out, red- 
hot, and prefently put into the fame balance, as before ; where, having 
blown offthe adhering afhes, I found that, tho when ’twas firft taken from 
under the muffler, we had but two ounces, and two grains, yet now, the 
weight being put into the oppofite fcale, it gain’d, very near 21 grains, 
And here note, that ‘twas not without fome caufe, that I weigh’d the 
cupel red-hot : forThada fufpicion, that notwithftanding the dryne{s of the 
bone, it might receive fome little alteration of weight, by imbibing the moift 
particles wandering in the air; and accordingly, leaving the cupel coun- 
terpoisd, to cool in the balance, in a fhort time, it began fenfibly to pre- 
ponderate ; and fuffering it to continue there, for nine or ten hours, I found 
it about three grains heavier than before. 

g. Steel being a metal that, as experience inform’d me, will, very eafily, 
be wrought on by fiuids of a faline nature, *twas reafonable to expect, 
that flame would have a greater operation on it, efpecially if it were, be- 
fore-hand, reduced to fimall parts, than on any of the bodies hitherto de- 
fcribed. And, accordingly, four drams of the filings of fteel, being kept 
two hours on a cupel, under a muffler, acquired one dram, fix grains and 
a quarter, increafe of weight. : 

ro. A piece of refined filver, being put upon a cupel under a muffler, 
and kept there for an hour and a half, was taken out, and weigh’d 
again ; and as before it weigh’d three drams, thirty-two grains, and a 
quarter, it now weigh’d in the fame fcales, three drams, thirty-four 
grains, anda half. | 


We 
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‘We repeated the experiment with half an ounce of the filings of filver, Sratics, 
well refin’d with lead, in our own laboratory, and kept them about threeL Wad 
hours upon the cupel ; when taking them out, we found them of a lefs — 
pleafant colour, than before, and melted into a lump, which weigh’d four 
drams, fix grains. 

11. Wetook a dram of the filings of zink, or fpelter, and, having put 
it upon a cupel, under a muffler, we kept it there, ina cupelling fire, 
for about three hours ; then taking it off, we found it to be caked into a 
brittle dark-colour’d lump, which look’d as if the filings had been cal- 
cined. ‘This being weigh’d in the fame fcales, gain’d full fix grains. 

12. Among our various trials, upon common metals, we thought fit to — 
make one or two. upona metal brought us from the Eaft-Iudies, and there 
called TIutenag. ‘Two drams of the filings of tutenag, being put upon a 
cupel, and kept under the muffler for about two hours, the filings were 
not melted into.a lump of metal ; but look’d as if powder’d cerufe and mi- 
nium had been mix’d together; fome of the parts appearing diftinétly white, 
and others red; the calx being put into the balance, appear’d to have 
aind 28% grains. Another time, the experiment being repeated, with 
the like circumftances, we found that two drams of filed tutenag, gave 
almoft the like mereafe of weight. So that this Zzdian metal, feems to 
have acquir’d more in the fire, in proportion to its weight, than any we 
have hitherto made trial of. ie 

13. To confirm, by a clear experiment,. that in all cupellations, the lead. 
then employ'd, does not, together with the bafer metals, to be purg’d off 
from the filver, or gold, fly away in {moke; we took two ounces of good. 
lead, and one dram of filings of copper ; and having caus’d a cupel to be’ 
ignited, and fuddenly taken out of the furnace, and weigh’d, whilft ‘twas 
very hot, we prefently put it back, together with.the-two metals laid on 
it, into the furnace: where, having been kept for about two hours, it 
was taken out again, and found to have nothing on the furface of it, worth. 
weighing diftinétly, imthe {cales, wherein the cupel, with what was funk. 
into it, amounted to four ounces, three drams, and eleven grains; which 
wanted but nine grains of the whole weight of the cupel, and the two me- 
tals, when they were, allthree together, committed to the fire. So that 
tho’ we make a liberal.allowance for the increafe of weight, that may, with 
any probability, be fuppofed to have been attain’d by the eupel, and. 
what was put upon it, yet it will eafily be granted, that much the greater 
part of the metals, was not driven off in fumes, but enter’d into the fub-. 
ftance of the cupel. | 

After having fhewn, that either flame, or the analogous effluvia of the 
fire, will be incorporated with metals, and minerals, expofed. naked. to 
its action, I thought proper to try whether this flame, or igneous fluid, 
were fubtile enough to exercife any fuch operation upon the: like bodies,. 
eer from its immediate contact, by being included. in clofe: vef-- 

CLS. ; 


24. We 


— , ie 2 . a> a a ee af ree ae, ¢ bao . eee he * ji ® ee Te ee ee ee Tae) ee eee on, 
i ; ‘ 


392 . Fire and Flame weighd. 
Sratics. . 14. We took an ounce of ‘new filings of fteel, and having included 
them betwixt two luted crucibles, kept them, for two hours, in a ftrong 

Even tho! the fire, -and fuffer'd them to continue there till the fire went out 5 the cruci- ' 
mediately expo- ‘Dles being unluted, the filings appeared hard caked together, had acqui- 
fed to it. red a dark colour, fomewhat between black and blue, and were increafed 

_ five grains in weight. At another time, an ounce of filings of fteel, being 
put between two crucibles, in the fame manner, after they had been 
kept about an hour and half in the fire, were taken out, and found to 
have gaind fix grains in weight. 

15. We puttwo ounces of copper-plates into a new crucible, over which 
a lefler was whelm’d, and luted the junétures; after the fame man- 
mer, two ounces of tin were included betwixt crucibles ; and alfo, two 
ounces of lead: and all thefe, being put into the cupelling furnace, were 
kept in a ftrong fire, for about an hour and a half; and then being taken 
out, the copper-plates, tho’ they ftuck together, were not quite melted ; 
and feemd, fome of them, to have acquired fcales, like copper put into a 
naked fire; and the twoounces had gain’d eight grains in weight. The 
lead had broke thro’ the bottom of the crucible, and thereby hinder’d the 
defign’d obfervation. The tin acquired fix grains in weight, and was, in 
part, brought to a pure white calx ; but much more of it was melted in- 
to a lump, of a fine yellow colour, almoft like gold, but deeper. 

16. We took one ounce of very thin copper-plates, and putting them be~ 
twixt two luted crucibles, we kept them inthe cupelling Anan for about 
three hours; and then disjoining the veflels, we found the metal co- 
verd with adark and brittle fubftance ; which, when fcaled off, difclo- 
fed a finely colour’d metal, that, together with thefe burnt fcales, a- 
mounted to twenty-one grains above the weight firft put in. 

17. We took a piece of fine block-tin, in weight halfa pound ; this we 
put into a choice glafs-retort, and kept it for two days in a fand furnace ; 

- which gave heat enough to keep the metal in fufion, without cracking the 
glafs: then taking out the mixture, we carefully weigh’d it in the fame 
{cales, and found the fuperficies a little alter’d, as if it were difpofed to 
calcination ; and the weight tobe increas‘d about two grains. 

“Ana alfo efter ~_ 18.We farthertry’d how much fome bodies would increafe in weight, by the 
they bave ben fire, when they had already been expofed to the vehemence of it. One ounce 
calcined. of calx of tin, made per fe, being put in a new cupel, and kept under the 

muffler for about two hours, was taken out hot, and put into the feales, 
where the powder appear’d to have gain’d in weight, one dram, thirty- 
five grains, by the operation of the fire ; which made it alfo look much 
whiter than it did before. | 
_. 19. Out of a parcel of filings of fteel, that had been before expofed to 
the fire, and had confiderably increas’d its weight thereby ; we took an 
ounce, and having expofed them at the fame time with the calx of tin, and 
for the fame time kept them in the fire, we took them out at the two 
hours end, and found the weight to be increafed, two drams, twenty-two 
rains. ‘The filings were very hard caked together, and the lump being © 
roken, look’d almoft like iron. 20. An 
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eo. Anounce and four drams of copper, which had endured a violent Srarics. 
fire for an hour and half, being included betwixt two crucibles, and ex- UAWNY 
pofed to a ftrong fire for two hours, and fuffer’d to continue there till 
the fire went out, appear’d, thereby, to have gain’d ten grains in weight, 
and to have, upon the fuperficial parts of the plates, feveral dark-colour’d 
flakes; fome of which ftuck to the metal ; but more, upon handling it, 
fell off. 7 

21. We took eight ounces of block-tin, which, being cut into bits, was 
put into a good round vial, with a long neck ; and then warily held over 
quick-coals, without touching them, till it was melted ; after which, it was 
kept almoft continually fhaking, to promote the calcination, for near an 
hour ; the metal being all the while in fufion, and the glafs kept at fome 
diftance from the coals. For the greateft part of this time, the orifice of the 
vial was cover’d with a cap of paper, to keep the air, and fteams of the 
coals, from getting into the neck : the vial, being afterwards remov’d from 
the fire, was broken, and the metalline lump hada little darkifh calx, here 
and there, upon the upper furface ; but much more beneath, where it had 
been contiguous to the bottom of the glafs. "Then putting all this, (care- 
fully freed from little fragments of broken glafs) into the fame balance, with 
the fame counterpoife I had ufed before, I found an increafe of weight, 
amounting to eighteen grains, which the tin had acquired by this ope- 
ration. 

22. Wethen feparated the calx ; and having melted the metal in a cru- 
cible, that, by pouring it out, it might be reduced into thin plates, capable 
of being «cut in pieces, and put into fuch another. vial as the former, 
-~we weighd it again, together with the refervd calx, but found, 
that notwithftanding all our care, we had loft three grains of the 
eighteen gain’d before. This done, we put the metal into another 
vial; which having a ftopple of paper, to keep out fmoke and air, 
was held at fome diftance from the coals, only whilft the tin was melt- 
ing; being afterwards warily laid upon them, and kept there for two hoprs; 
at the end of which, "twas again taken off, and the metal weigh’d with the 
fame counterpoife, and balance, as before ; and then it amounted to eight 
ounces, twenty-four grains; and had much more feparable calx, than 
at the firft time. 

Nor did I much wonder, that the weight fhould be increas’d, in this 
laft operation, but nine grains, in two hours ; and, in the former twice 
as many, in half the time; fince, during the two hours the glafs was 
kept in one pofture: but, in the firft operation, it was, almoft, perpetually 
fhaken, during the time “twas kept in fufion ; for ‘tis obferv'd, that the 
agitation of melted minerals, will much promote the effect of the fire upon 
them, and conduce to their calcination. 

23. But, to prevent all fufpicion of any increafe of weight, in the me- 
tal, arifing from fmoke, or faline particles, getting in at the mouth of the 
yeflel, I made the experiment in glafles, hermetically feal’d, as follows. 
Eight ounces of good tin, carefully weigh’d, we hermetically feal’d up in 
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Syarics:) a2 new {mall retort, with along neck, by which twas held in the hand near 
) a charcoal fire, that kept the metal in fufion ; being now and then fhaken 
for almoft half an hour ; in which time, it feem’d to have acquir'd, on the 
furface, fuch a dark colour, as argued a beginning calcination ; and it 
both emitted fumes that play’d up and down, and, alfo, afforded two or 
three drops of liquor, in the neck of the retort. ‘The glafs was, at length, 
laid on quick-coals, where the metal continued above a quarter of an 
hour longer in fufion; but, before the time wascome, that 1 intended, to 
fuffer it to cool, in order to its removal, it fuddenly broke, into a great 
multitude of pieces, and with a noife, like the report of a gun. In the 
neck we found fome drops of a yellowifh liquor, which had an odious and 
A bay a tafte ; its fmell alfo, was very fetid, not unlike the diftill’d oil of 
fifh. 

24. Some tin, which had been, before, partly calcined in a glafs, being 
melted again in acrucible, we weigh’d out juft eight ounces, and thefe 
we put into a bolt-head of white glafs, with a neck above twenty 
inches long, which being hermetically fealed, after the glafs had been a 
while kept over the fire left it fhould break by the rarifaction of the air, 
the metal was kept in fufion for an hour and a quarter. Being unwil- 
ling to venture the glafsany longer, it was taken from the fire, and when 
grown cold, the feal’d end was broken off; but before I could have the 

‘ bottom cut out, I obferv’d, that the upper furface of the metal was very 
darkly colour’d, and very irregularly rough; and the lower part had, “be- 
tween the bottom, and the under fide of the lump, a pretty deal of loofe 
dark-colour’d calx, tho’ the neighbouring furface, and fome places of the 
lump it felf, look’d, by candle-light, of a golden colour. The lump, and, 
calx together, were weigh’d in the fame fcales carefully, when we found 
the weight to have increas’d above twenty-three grains ; tho’ all the calx 
we could eafily feparate, being weigh’d by it felf, amounted not to eighty 

vains. 

® 25. ‘Iwo ounces of filings of tin, were carefully weigh’d, and put into: 
alittle retort, whofe neck was afterwards drawn flender to a very fmall 
apex ; then the glafs was placed on kindled coals, which drove out fumes. 

at the {mall orifice of the neck, for a pretty while. Afterwards, the 
glafs, being fealed up at the apex, was kept in the fire for abovetwo 
hours ; and then being taken off, was broken at the fame apex : whereupon. 

T heard the external air rufh in, becaufe, when the retort was fealed, the 
air, within it, was highly rarified. ‘Chen the body of the glafs being bro- 
ken, the tin was taken out, confifting of a lump, about which there ap- 
pear'd fome grey calx, and fome very {mall globules, which feem’d to have 
been filings melted into that form. The whole weigh’d two ounces, and 
twelve grains. In the neck of the retort, where it was join’d to the body, 
there appear’d a yellowifh, and clammy fubftance, thinly fpread, which 

melt almoft like the fetid oil of tartar. 

26. We took an ounce of the filings of zink, carefully weigh’d; and 
faving, as carefully, put them into a round bolt-glafs, we caus’d the neck 

to 
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to be drawn out very flender, and then order’d it to be fet upon quick- Syarycs. 
coals, where, being kept for four hours, there appear’d, for great part of UA\NY 
the time, fmoke to afcend from the zink, and get out at the unftopp’d rt 
apex. And I obferv’d, that the upper part of the glafs was lined with a 
darkith grey fublimate. ‘The glafs being dexteroufly cut afunder, we took 
out, not only the filings of zink, fome of which were melted into little 
globules, but the flores too ; yet, weighing all thefe in the fame fcales we 
had ufed before, we found above five grains wanting of an ounce. 
| 27. Having carefully weigh’d out four ounces. of good lead, cut into 
 fittle pieces, I put them intoa {mall retort with a long neck, wherein was, 
afterwards, left only an orifice, not much bigger than a pin’s-head ; this 
_ glafs was kept over, and upon the coals, for above two hours; and then, 
 fuppofing the danger of the glafs’s breaking to be over, we feal’d it up at 

the little orifice, and kept it on the coals for two hours longer. Before we 
broke the glafs, I perceiv’d the pieces of lead to have been melted into a 
jump, whofe furface was dark and rugged, and part of the metal to have 
been turn’d into a dark-colour’d powder, or calx, All this being taken 
out of the retort, was weigh’d in the fame balance, whereon the lead ap- 
pear'd to have gain’d, by the operation, fomewhat above thirteen grains. 

28. To fhew that metals are not the only bodies capable of receiving an 
increafe of weight from the fire,we feal’d up two drams of little bits of good 
red coral, hermetically, in a thin bubble st glafs, and kept them warily, at 
feveral times, over and upon kindled coals ; and, at length, being taken 
out, found them of a very dark colour, and to have gain’d, in weight, 

about 3 ; grains. | 
_ 29. And having taken very ftrong frefh quick-lime, provided on pur- 
pofe for choice experiments, and expofed it, before the air had time to 
flake it, upon the cupel, to a ftrong fire, where it was kept for two hours ; 
I found that it had increafed, in weight, beyond my expectation: for, be- 
ng feafonably put into the balance, the lumps that weigh’d, when ex- 
poled, but two drams, amounted to two drams and twenty-nine grains. 
Hence it appears, that, notwithftanding a body may, for many hours, or 
even for fome days, be expofed to a very violent fire; yet it may be ftill - 
capable of admitting, and retaining frefh corpufcles: fo that, tho’ well- 
made lime be ufually obferv’d to be much lighter than the ftones where- 
of *tis made; yet the lightnefs does not neceflarily prove, that, be- 
caufe a burnt lime-ftone has loft much of its matter by the fire, it has, 
therefore, acquired no matter from the fire ; but only infers, that it has 
loft far more than it has gote And this may give ground to fufpect, that, 
in mott of the foregoing trials, the accefs of the fiery particles was greater 
than the balance difcover’d ; fince, for ought we know, many of the lefs 
fix'd particles of the expofed body, might be driven away, by the vehe- 
mence of the heat, and, confequently, the fiery corpufcles that faften’d 
themfelves to the remaining matter, might be numerous enough, not only 
to give the additional weight, found by the fcales; but to make amends 
for all the fugitive particles that sa been expell'd by the fire. And, a 
seus ) 


106 


Fire and Flame weighd. 


Srarics, fo fix’d a body as quick-lime, is capable of being wrought upon by the 
AVN fiery effluvia; fo that they come to be, as ‘twere, incorporated with it; — 


Elafs pervious 
10 ponderous 


gets of flame. 


perhaps, in other calcin'd or incinerated bodies, the remaining calces or 
afhes may retain more than the bare impreffion of the fire. By this expe- 
yiment, and thofe made in feal’d retorts, which thew, that what is aftord- 
ed by fire, may, in a corporeal way, invade, adhere, and add weight even 
to fix’d and ponderous bodies; there is a large field open’d, for the fpe- 
cM aie to apply the difcovery to many phenomena of nature and chy- 
miftry. | 


Ski thee sduiten dhe 


pee obviate fome feruples, that might be entertain’d upon this circum- 
ftance of our experiments, that the glaffes employd about them 
were not expofed to the aétion of mere flame, but held upon charcoal; 
I attempted to make them fucceed with a body fo thin, and difengaged 
from grofs matter, as mere flame is allow’d to be. | 

1, Suppofing, then, that good common fulphur, by reafon of its great in- | 
flammability, and the vehemency and penetrancy of its flame, would be a 
very fit fewel for my purpofe; I provided a fimall double veffel, fo contriv'd, 
that the one part fhould contain as many coals as were neceflary to keep 
the fulphur melted ; and the other, which was much fmaller, and fhaped 
like a pan, fhould contain the brimftone requifite for our tryal; and that 
thefe two fhould be, with a convenient lute, fo join’d to one another, that 
all being clofed at the top, except the orifice of the little pan, the fire and 
f{moke ‘of the coals having their vent another way, no fire fhould come at 
the retort to be employ’d, but the flame of the burning brimftone. ‘Then 
two ounces of filings of tin being carefully weigh’d out, and put into a 
glafs retort, provided for fuch trials, and made fit to be eafily feal’d up at the 
neck; the fulphur, which ought to be of the purer fort, was kindled, and 
the glafs, by degrees, expofed to it ; where that continued near two hours 
before the metal melted: after which, the retort was there kept on near an 
hour and a half more, withthe metal melted in it ; then perceiving a pretty 
deal of darkifh calx at the bottom, and partly, too, upon the furface of the 
far greater portion of the metal, which now lay in one lump ; the part of the . 
retort which had been feal’d, being broken off, we firft took out the calx, 
and next the lump, and putting them into the feales, they had been for- 


‘merly weigh’din, we found them to have acquired four grains and a half. 


The experiment was afterwards repeated with the fame quantity of filimgs _ 
of the fame metal, and at the end of the operation, which in all lafted 
fomewhat above three hours, having broken off the feal’d neck of the re- 
tort, we found that a large proportion of dark-colour’d calx had been 
produced: and this being weigh’d with the uncalcin’d part of the metal, the _ 
two ounces, we firft put in, appear’d to have acquir'd no lefs than eleven 
and a half. 

Such — 
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Such fuperftrutures may, poffibly, in time, be built on this and the Srarics: 


like experiments, that I fhall here obviate even a fcruple, which ap- 

ears too {ceptical. But, confidering that tho’ it were very improba- 
ble, yet poffible, that the increafe of weight acquired by bodies ex ofed 
in glafs yeffels to the fire, might proceed not from the corpufcles o fire, 
but from the particles of the glafs itfelf, loofen’d by the power of fo in- 
tenfe an heat, and forcibly driven into the inclofed body ; I took two 
glaffes, the one fhaped ‘nto a little retort, and having weigh’d them, 
kept them for a confiderable time upon kindled coals, and then weighd 
them again, I could gather little of certainty from the experiment ; 
(the retort at one time feeming to have acquired above half a grain in the 
fire) only that there was no likelihood at all, fo confiderable an in- 
creafe of weight, as we feveral times obtain’d in clofed veflets, fhould pro- 
ceed from the glafs itfelf, and not from the fire. 3 

2. We carefully weigh’d out an ounce of the filings of block-tin, and put 
them into a glafs retort, whofe neck was afterwards drawn out flender ; 
we alfo provided fuch a convenient metalline lamp, that the flame of the 
{pirit burnt in it, might not melt or crack the glafs. This lamp, tho fur- 
nifh’d with a cotton wieck, afforded no foot ; becaufe, as long as it was 
well fupplied with liquor, it remain’d unburnt. ‘Thefe things being in 


readinefs, the retort was warily approach’d to the flame, and the metal 


thereby in a fhort time melted. - After which, the glafs being kept expofed 
to the fame flame, for near two hours, the feal'd apex of the retort was 
broken off; when there appear’d to have been produced a confiderable quan- 
tity of calx, that lay loofe about the remaining part of the tin, which, 
. upon its growing cold was harden’d into alump. ‘This and the calx being 
taken out of the retort, with care, that no little fragment of clafs fhould 
impofe upon us, it was weigh’d in the fame {cales as formerly, and found to 
have gain’d 47 grains, befides the duft chat ftuck to the infide of the re- 
tort; of which we reckon’d enough to make about half a grain more: fo 
that of fuch a fine and pure flame as of this totally ardent fpirit, enough 
to amount to five grains was arrefted, and, in good meatfure, fixd, by its 
operation on the tin. : 

3. For confirmation of the laft experiment, wherein we had employ’d the 
inflammable fpirit of fugar, we made the like with highly rectify d-{pirit 
of wine; only fubftituting an ounce of lead: inftead of one of tin. The 
event was, that after the metal had been, for above two hours, kept in the 
flame, the feal’d neck of the retort being broken off, the external air rufh'd 
in with noife; and we found above feven feruples of lead turn’d into a 
greyith calx ; which, together with the reft of the metal, being weigh’d 
again, fix grains appear'd to be gain’d by the operation. Thefe feven. 
fcruples of calx being weigh’d in air and water, 1 found, that tho’ the ab- 
folute gravity of the metal had been increafed by the particles of flame 
which ftuck faft to it ; yet this aggregate of lead, and extinguifhed flame, 
had loft much of its fpecific gravity: for lead is to water of the fame 
bulk, as about 11> to x; whilft this fubtile calx of lead was to water of the 


fame bulk, but as 9 tor. | Now: 
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Statics. Now whence.can this increafe of abfolute weight, obferv’d in the me- 
poo Seed tals expofed to the mere flame, be deduced, but from fome ponderous parts 


- shisdifoovery, OF the flame? And how could thefe parts invade thofe of the metal in- 


clofed ina glafs, otherwife than by paffing thro’ the pores of that glafs ? 
But I do not, by thefe experiments, pretend to make out the porofity 
of glafs, any farther than with regard to fome of the ponderable parts of - 
flame ; for, otherwife, giafs is not eafily penetrable. | 
That famemey ‘Upon the whole, it appears, 1ft, That flame may be a menftruum, and 
Strum, and Work on fome bodies, not only by making a notable comminution, and dift 
0 coalstions Cation of their parts, but, alfo, by a coalition of its own particles with thofe 
at works on. - the fretted body; and thereby, permanently, add fubftance and weight 
thereto. Nor 1s it repugnant to fame’s being a menftruum, that, in our 
experiment, the lead and tin expofed to it, were but reduced to powder, 
and not diffolved in the form of a liquor, and keptin that ftate. For, be- 
fides that the interpofed glafs hinder'd the igneous particles from getting 
thro’ in plenty enough, ‘tis not neceflary that all menftrua fhould be fuch 
folvents.. For whether it be, that the menftrua we think fimple, may be 
compounded of very different parts, whereof one may precipitate what is 
diflolved by. the other, or for fome other caufe ; it is certain, that fome 
menftrua corrode metals, and other bodies, without keeping any confide- 
rable part diflolved ; as may be feen, if you put tin to a certain quantity of 
Aqua fortis, which will, in a very fhort time, reduce it, almoft totally, to a 
very white fubftance, that, when dry, is a kind of calx. And fo, witha 
due proportion of oil of vitriol, abftracted from quick-filver, by a ftrong fire, 
we have feveral times reduced the main body of the mercury into a white 
powder, whereof but an inconfiderable part was diffoluble in water. And 
fuch a white calx I have had, by the aétion of another fretting liquor on 
a body not metalline. But whether, as it feems probable, it be from the 
vehement agitation of the permeating particles of flame, that violently tear 
afunder the metalline corpufcles ; or, from the nature of the igneous men- 
ftruum, which being, as ‘twere, ftrain’d thro’ glafs itfelf, muft be ftrangely 
minute ; ‘tis worth obferving how fmall a proportion, in point of weight, 
of the additional adhering body, may ferve to corrode a metal, in compa- 
rifon of the quantity of vulgar menftrua requifite for that purpofe. For, 
tho’ we are obliged to employ, to make the folution of crude lead, feveral 
times its weight of {pirit of vinegar, or a large proportion of Aqua fortis ; 
*rwas obferved in our experiment, that tho’ the lead was increafed but fix 
grains in weight, yet above a hundred and twenty of it were fretted into 
powder ; fo that the corrofive body appear’d to be but about the twentieth 

part of the corroded. 

That cates of _2dly, Another confequence, deducible from our difcovery of the per- 
metals ave the yiou{nels of glafs to flame, may be this, that there is caufe to queftion 
mekifers F the truth of what is, generally, taken for granted about calcination ; and, 
particularly, of the notion that chymifts have entertain’d about the calces 
of metals and minerals. For, it does not appear, by our trials, that any 
proportion, worth regarding, of moiftand fugitive parts, was expell’d ip 
the 
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the calcination; but it appears very plainly, that, by this‘operation, the’ Sratics. 
metals gain’d more weight than they loft: fo that the main body of the UAWNY 
metal remain’d entire, and was far from being either elementary earth, 
or a compound of earth and fix’d falt.. From which very erroneous hy- 
pothefis, the chymifts infer the fweet vitriol of lead, which they call 
Saccharum Saturm, to be but the fweet falt of it, extracted only by the fpirit 
of vinegar, which does, indeed, plentifully concur to compote it. Whence, 

I conclude, that the calx of a metal, even made per fe, that is, by fire 
alone, may be, at leaft in fome cafes, not the Caput mortuum, or Terra 
damnata, but a magiftery of it. For, in the fenfe of the moft intelligible 
of the chymical writers, that is properly a magiftery, wherein the principles 
are not feparated; but the bulk of the body being preferved, it acquires. 
a new and convenient form, by the addition of the menftruum, or folvent, 
employ’d about the preparation. Befides, I have, feveral times, from the 
calx of lead, reduced actual lead. And, having once taken but about a 
third or fourth part of the calx of lead, produced by the flame of {fpi- 
rit of wine, I found, that, without any flux-powder, or other addition, 
but merely by the application of the flame of highly rectify’d {pirit of 
_wine, there would, ina fhort time, be obtain’d a confiderable proportion. 
of malleable lead ; whereof the part I examined, was truly fo. 
3dly, Oneufe, among the reft, we may make of the foregoing difco- The effets of 
very, regards a controverfy among the corpufcular philofophers. | For ta clefe plain 
fome of them think, that when bodies are expofed in clofe veffels to the oe 
fire, tho’ the igneous corpufcles donot ftay with the bodies they invade Sdieaeie 
yet they, really, get thro’ the pores of the interpofed veflels, and permeate f 
the included bodies in their paflage upwards: whilft others will not allow 
the igneous corpufcles, which they take to be but vehemently agitated par- 
ticles of terreftrial matter, to penetrate fuch minute pores as thofe of glafs ; 
but fuppofe the operation of the fire to be perform’ by the vehement 
agitation made of the fmall parts of the glafs, and by them propagated 
to the included bodies ; whofe particles, by this violent commotion, are 
greatly alterd. 
But tho’ it be probable, that the brisk agitation communicated by the: 
{mall parts of the glafs to thofe of the body contain’d in it, may contribute: 
much to the effect of the fire; and tho’, by the fmall increafe of weight. 
we found in our expofed metals, tis very likely that far the greater part. 
of the fame was excluded by the clofe texture of the glafs; yet, on the 
other fide, “tis plain, that igneous particles pafs’d thro” the glafs, and. not: 
only divided and agitated the included bodies, but manifeftly and perma-. 
nently adhered to them. , ee. 
.. athly, We receive this, further information from our experiments, that earn 
bodies very fpirituous, fugitive, and minute; may, by being aflociated may, by alicia» 
with proper particles, tho” of quite another nature, fo change their former fie ee ‘hae ; 
qualities, as to be arrefted by a folid and ponderous body, to that de- selatilitys 
‘gree, aS not to be driven away from it by a fire intenfe enough to melt 
and ’calcine metals, For the foregoing trials feem plainly to cape 
that. 
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; 
lee) Fire and Flame weigh'd. 
Sratics. that even the agitated parts of flame, minute enough to pafs thro’ the 
Vw pores of glafs itfelf, were, fome way, entangled among the metalline par- 
ticles of tin and lead; and thereby brought to be fo fix’d, as to endure the 
heat that kept thofe metals in fuffon, and gradually reduced them to 
calces: a phenomenon that one would not eafily look for ; ef{pecially con- 
fidering how fimple a texture that of lead, or tin, may be, in comparifon. 
of the more elaborate ftructures of many other bodies. And this pheno- 
menon, which fhews us what light and fugitive particles of matter, may 
permanently, concur to the compofition of ponderous and fix'd bodies, will, 
perhaps, afford ufeful hints to the fpeculative; efpecially, if this ftriét 
combination of a fpirituous and fugitive fubftance, with fuchas, being grofs 
and unwieldy, are lefs fit than organized matter, to entangle, or detain 
them, be apply’d, as it may be, with advantage, to thofe aggregates of 
{pirituous corpufcles, and organical parts, that make up the bodies of 
plants and animals. And this hint may fuggeft a confiderable inference to 
be drawn from the operation of the fun-beams on appropriated fubjects ; 


fuppofing it to prove like that of flame on tinand lead *. 


* The following queries of Sir I/aac New- 
ton, give us the beft light we have into 


the nature of fire and flame. 
Say 


46 
t¢ 


as 


“© Ts not,” 
s that great philofopher, ‘ fire a body, 
heated fo hot, as to emit light copiouf- 
ly? For, what elfe is a red-hot tron, 


‘ than fire? And, what elfeis a burning 


coal, than red-hot wood ? Is not flame 


'-a vapour, fume, or exhalation, heated 


red-hot; that ts, fo hor as to fhine? 
For, bodies donot flame, without emit- 
ting a copious fume; and this fume burns 
inthe fame. The Ignis fatuusisa vapour, 


‘ {pining without heat: and, isthere not 


the fame difference between this vapour, 
and flame, as between rotten wood, 
Shining without heat, and burnihg coals 
of fire? Indiftilling hot fpirits, if the 
head of the ftill be taken off, the vapour, 
which afcendsout of theftill, will take 
fre at the flame of a candle, and turn 
snto fame; and the fame will run a- 


‘ jong the vapour, from the candle, to the 


{till Some bodies, heated by motion, 
or fermentation, if the heat grow 1n- 
renfe, fume copioufly ; and, if the heat 
be great enough, the fumes will fhine, 
and become flame. Metals, in fufion, 
do net flame for want of a copious 
fume. Sait-petre fumes copioufly, and 
thereby flames. All flaming bodies, as 
oil, tallow, wax, wood,foffil, coals, pitch, 
and fulphur, by flaming wafte, and vanifh 
into burning fmoke; which finoke, 


if | 


the flame be put out, is very thick, and 
vifible ; and fometimes fmells ftrohgly : 
but, in the flame, it lofes its fmell, by 
burning : and, according to the nature 
of the fmoke, the flame is of feveral co- 
lours; as that of fulphur, blue ; that of 
copper, open’d with fublimate, green ; 
that of tallow, yellow ; that of camphite, 
white. Smoke paffing thro’ flame, can- 
not but grow red-hot; and, red-hot 
fmoke can have no other appearance 
than that of flame. When gun-powder 
takes fire, it goes away into flaming 
fmoke. ‘For the charcoal and fulphur, 
eafily take fire, -and fet fire to the ni- 
tre; and the fpiric of the nitre, being 
thereby rarified intovapour, rufhes out, 
with explofion, much after the manner 
that the vapour of water rufhes out of 
an zolipile; the fulphur, alfo, being vo- 
latile, is converted into vapour, and 
augments the explofion. And, the acid 
vapour of the fulphur, namely, that 
which diftils under a glafs-bell,into oit 
of fulphur, entering violently into the 
fixed body of the nitre, fets loofe the 
{pirit of the nitre, and excites a great 
fermentation, whereby the heat is far- 
ther augmented, and the fixed body of 
the nitre is alfo rarified into fume; 
and the explofion is, thereby, made 
more vehement, andquick. For, if fale 


“ of tartar be mixed with gun-powder 
“ and the mixture be warm’d till it takes 


“* fire, 
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_ Phyfico-mechanical Experiments. 409 
of the two has afterwards proved effectual. And, that the air may not Pxeomarics. 
enter betwixt the brafs-cover and the ring, ’*twill be convenient to la 
fome diachylon-plaifter on their edges with a hotiron. ‘That no air, alfo, 
may remain in the upper part of the cylinder, the handle is to be turn’d 
till the fucker rifes to the top; and then, the valve being fhut, it is to be 
drawn down to the bottom; by which means, the air being driven out of 
the cylinder, and a fucceffion from without prevented, the cavity of the 
cylinder muft be empty of air; fo that, when the ftop-cock is turn’d to 
afford a communication betwixt the receiver and the cylinder, part of the 
air before lodged in the receiver, will be drawn down into the cylinder ; 
which, by turning back the key, is kept from entering the receiver again, 
and may, by unftopping the valve, and forcing up the fucker, be driven 
into the open air; and fo, by repeated exfuctions out of the receiver, and 
expulfions out of the cylinder, the veffel may be exhaufted as the experi- 


ment requires *. 


* The air-pump has received great im- 
provements fince the time of Mr. Boyle, and 
feems brought to its utmoft degree of fim- 
plicity, and perfection, by the late, and the 
prefent Mr. Hauksbee.'This inftrument, as ‘tis 
now made, by Mr. Hauksbee, con- 
fifts of two brafs-clylinders, aa aa, 
twelve inches high, and two their internal 
diameter. ‘The emboli are raifed, and 
depreffed, by turning the winch 64, back- 
ward and forward. This winch is faften’d 
to a fpindle, pafling thro’ a lanthorn, 
whofe pins ferve for cogs, laying hold of 
the teeth of the racks ¢ ccc ; fo that one is 
deprefled, and the other elevated recipro- 
cally. By this means the valves, made of 
limber bladder, and fix’d on the upper 
part of each embolus, and at the bottom 
of the cylinders, mutually exhauft and dif- 
charge the fame air from the receiver : 
which becoming nearly empty, the pref- 
fure of the external air on the defcending 
embolus is fo great, that the power re- 
quired to raife the other, need but little 
furmount the friGion of the moving parts ; 
whence this pump becomes preferable to 
all others. ‘The bottoms of the barrels lie 
qn a brafs-difh dd, its fides two inches 
high, containing water to keep the lea- 
ther-collars, on which the cylinders ftand, 
moift; whereby the air is precluded. The 
cylinders are fcrew’d hereon by the nuts 
eeee, which force the frontifpiece ff, 
down upon them ; thro’ which pafs the 
two pillars gggg. Each pillar has an iron 


OL. ° 


Fig. 31. 


1. Upon 


belonging to it, pafling from them in the 
form of a fwan's neck gg; thefe irons 
being faftened to the hind-part of the 
frame, to prevent their fhaking. Between 
the two barrels, rifes a hollow brafs-wire 
bbhhh, communicating with each of them, 
by means of a perforated piece of brafs, 
lying horizontally from one to the other. 
The upper end of this wire is faften’d to 


another piece of perforated brafs, fcrew’d 


on below the plate iiii, which is ten 
inches over; having a brafs-rim foldered 
on it, that it may contain water. LBe- 
tween the middle, and the fide of this 
plate, rifes a fimall pipe k, about an inch 
and half high; thro’ which, into the hol- 


_low wire, paffes all the air into the bar- 


rels from the receiver. Upon the plate of 
the pump is always laid a wet leather, 
for the receivers to ftand on. This leather 
prevents the air’s getting into the glaffes, 
whofe edges are ground true; and ferves 
for this purpofe vaftly beyond any cement 
whatever. Another excellence in this 
pump, isthe gage ///1, a glafs-tube about 
thirty-four inches long, fo placed, that it 
cannot eafily be damaged, or prove in- 
convenient. Its lower orifice is immerfed 
in a glafs of quick-filver mm ;on the furface 
whereof is a perforated piece of cork for 


the tube to pafs thro’, On this cork is. 


placed a board of box-wood, about an inch 
in breadth, and grooved in the middle, 
to receive the tube, which is looped on 
thereto, that it may rife and fall as 
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ALO Phy fico-mechanical Experiments. | 
| Pxsumarics oy, Upon drawing down the fucker of our engine, whilft the valve is 


Soke pheumem, fut, the cylindrical {pace deferted by it will be left empty of air ; and, 
| of the engine therefore, upon turning the key, the air contain’d in the receiver rufhes 
sic into the cylinder, till, in both veflels, it be brought to an equal dilatation ; 
fo that, upon fhutting the receiver, turning back the key, opening 
the valve, and forcing up the fucker again, almoft a whole cylinder of air 
will be driven out after this firft exfuétion ; but, after every fucceeding 
ftroke, lefs air will come out of the receiver into the cylinder : fo that, at 
length, the fucker will rife almoft to the top of the cylinder, before the 
: -valve need be open’d. And if, when it is fo exhaufted, the handle of the 
A pump be let go, and the valve be ftopp’d, the fucker, by the force of the 
: external air, which is an over-balance to the internal rarify’d air, will be 
forced to the upper part of the cylinder, and higher, in proportion, as the 
air is more exhaufted *. We obferved, alfo, that, whilit any confide- 
rable quantity of air remains in the receiver, a brisk noile is immediately 

produced, upon turning the key.’ | 
‘The fpring and © But to render our experiments the more intelligible, we muft premife, 
Ee lead that the air abounds in elaftic particles, which being prefled together by 
' their own weight, conftantly endeavour to expand and free themfelves from 
that force; as wool, for example, refifts the hand that {queezes it, and 
contraéts its dimenfions ;. but recovers them as the hand opens, and en-= 
deavours at it, even whilft that is fhut. It may be alledg’d, that tho’ the 
air confilts of elaftic particles, yet this only accounts for the dilatation of 
jt in pneumatical engines, wherein it hath been comprefs'd, and its {pring 
violently bent; by an external force; upon the removal whereof, it expands, 
barely to recover its natural dimenfions ; whilft, in our experiments, the air 
appears not to have been compreffed, before its {pontaneous dilatation. But, 
we have many experiments to prove, that our atmofphere is a heavy body, 
and that the upper parts of it prefs upon the lower. And I found a dry 
lamb’s bladder, containing two thirds of a pint, and comprefs’d by a 
pack-thread tied about it, to lofe, in a very tender balance, 1 % grain of 


the mercury afcendsor defcends inthe gage. 
To the upper part of this tube is cemented a 
brafs-head,that fits into the perforated brafs- 
piece, {crew’d on under the plate, and com- 
municating both with the receiver, and the 
hollow brafs-wire bhbhb. The box board 
is graduated into inches and quarters, from 
the furface of the quick-filver to twenty- 
eight inches high; and thence ’tis divided 
into tenths. By this means, the degrees 


of rarifafion may, at all times, be nicely” 
obferved in an experiment. 


: The air-cock 
a, which lets in the air, is, likewife, a 
fcrew-on the fame perforated brafs, in 


-which the upper parts of the gage, and 


the hollow wire, are inferted. 


9000 


reprefents a receiver, ftanding on the 
plate of the pump ; on whofe upper part 
pp, thro’ a box of leather-collars, paf- 
fes a flip of wire, to take up, let fall, or ~ 
fufpend any thing in the receiver, with- 
out admitting the air. 


* The original air in the receiver, is al- 
ways to the remainder, as the fum of the 
capacity of the veflel of the pump, raifed 
to the power, whofe exponent is equal to 
the number of the ftrokes of the fucker, 
to the capacity of the veffel raifed to the 
fame power. See this demonftrated by — 
M. Varignon. Memoir, del Academ. A. 1705+ 
P» 397° | } 
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3ts former weight, by the recefs of the air, upon pricking it,... .SUPDGNRE ses see eae 
therefore, that the air is not deftitute of weight, ‘tis eafy to conceive, thar “~ ¥™ 
the part of the atmofphere wherein we live, is greatly comprefs’d by 
thofe direétly over it, to the top of the atmofphere. And tho’ the height 
of this atmofphere, according to Kepler, {carce exceeds eight miles, yet la- 
ter aftroncmers extend it fix or feven miles farther. ‘The learned. Ricciolo 
makes it reach fifty miles high. So that a column of air, feveral] miles in 
height, prefling upon fome elaftic particles of the fame fluid here below, 
may eafily bend their little fprings, and keep them bent ; as if fleeces of 
wool, were piled to a vaft height upon one another, the hairs of the low- 
eft locks would, by the weight of all the incumbent parts, be f{trongly com- 
prefs'd. Hence it is, that, upon taking off the preflure of the incumbent 
air, from any parcel of the lower atmofphere, the particles of the latter 
poftefs more {pace than before. If it be farther objected againft this con- 
denfation of the inferior air, that we find this fluid readily yields to the 
motion of flies, feathers, (7c. we may reply, that as when a man {queezes 
wool inhis hand, he feels it make a continual refiftance ; fo each parcel of 
the air, about the earth, conftantly endeavours to thruit away {uch conti- 
'.guous bodies as keep it bent, and hinder the expanfion of its parts; which 
will. fly out towards that part, where they find the leaft refiftance. And, 
fince the corpufcles whereof the air confifts, tho of a fpringy nature, are 
fo very fmall, as to compofe afluid body, ‘ts eafy to conceive, that here, 
asin other fluids, the component parts are in perpetual motion, whereby 
they become apt to yield to, or be difplaced by other bodies ; and that the 
fame corpufcles are fo varionfly movd, that, if fome attempt to force a bo- 
dy one way, others, whofe motion hath an oppofite determination, as 
“ftrongly prefs it the contrary way ; whence it moves not out of its place ; 
the preffure, on all fides, being equal. For if, by the help of our en- 

ine, the air be drawn only from one fide of a body, he, who thinks to 
move that body, as eafily as before, will, upon trial, find himfelf mifta- 
ken. : 

». Thus, when our receiver is tolerably exhaufted, the brafs ftopple in 
the cover, is fo difficult to lift, that there feems to be fome great weight 
-faften’d to the bottom of it : for, the internal air being, now, very much 
dilated, its {pring muft be greatly weakned ; and, ee cng: it can but 
faintly pre/s agaimit the lower-end of the ftopple, whilft the {pring of the 
external air keeps it down, with its full natural force. And, as the air is gra- 
dually admitted into the receiver, the weight is manifeftly, felt to de- 
cereale; till, at length, the receiver being again filled with air, the ftopple 
may be ealily lifted. an. ) Besides. 

It may feem furprizing, that we fpeak of the air fhut up in our re~ 
ceiver, as of the preflure of the atmofphere; tho’ the glafs manifeftly 
keeps the incumbent pillar of air from preffing upon that within the vellel. 
“But, let us confider, that if a fleece of wool, by preffure, be thus direttly 
reduced into a narrow compafs, and convey’d into a clofe box, tho’ the 
former force ceafes to bend its numerous {pringy parts, yet they continue 


ge2 as 
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Prevwarics-as ftrongly bent as before; becaufe we fuppofe the including box 


Bladders dilae \t- 


refifts their expanfion, as much as the force that crowded them in. 
Thus the air, being fhut up in our glafs when its parts are bent by 
the whole weight of the incumbent atmofphere, though that weight 
can no longer prefs upon it ; yet the corpufcles of the internal air, con- 
tinue as forcibly bent, as before they were included. If it be faid, that 
the continual endeavour it has to expand itfelf, ought then to break the 
plafs, we muft obferve, that the expanfive force of the internal air, is 
balanc’d by preflure of the external, which preferves the glafs intire ; as, 
by the fame means, thin large bubbles, made with foapy water, will, for 
fome time, continue whole in the open air. 

3. And though, by help of the handle, which is a lever, the fucker 
may eafily be drawn down to the bottom of the cylinder ; yet, without 
fuch a mechanic power, the fame effect could not be produced, but by a 
force able to furmount the preffure of the atmofphere: as in the Torri-— 
cellian experiment, if the column of mercury be too high, it will fubfide, till 
its weight be a balance to the preflure of the air. Hence we need not 
wonder, that tho’ the fucker move eafily in the cylinder, by means of the 
handle, yet, if that be taken off; it will require a confiderable force to 
raife or deprefs it. Nor will it feem ftrange, that if, when the valve, 
and ftop-cock are exaétly clofed, the fucker be drawn down, and then 
the handle let loofe, that the fucker, as of itfelf, re-afcends to the top 
of the cylinder ; fince the {pring of the external air, finds nothing to refift its 
preflure upon the bottom of the fucker. And, for the fame reafon, when 
the receiver is almoft emptied, tho’, the fucker being drawn down, the paf-. 
fage from the receiver to the cylinder be open’d, and then ftop'd again, 
the fucker will, upon the letting go the handle, be forcibly carried up, al- 
moft to the top of the cylinder ; becaufe the air within the cylinder, be- 
ing equally dilated and weakned with that of the glafs, is unable to re- 
fift the preflure of the external air, till it be crowded into fo little fpace, 
that both their forces are in equilibrium. So that, in this cafe, the fucker 
is drawn down with little lefs difficulty, than if, the cylinder being defti- 
tute of air, the ftop-cock were exaétly fhut. It muft alfo be obferv’d, 
that when the fucker hath been impell’d to the top of the cylinder, and 
the valve is fo carefully ftop’d, that no air remains in the cylinder, above 
the fucker; if, then, the fucker be drawn to the lower part of the cylin- 
der, no greater difficulty is found to deprefs the fucker, when nearer the 
bottom of thecylinder, than when it is much farther from it. Whence 
it appears, that the preffure of the external air, is not increas’d upon the 
acceffion of the air driven out; which, to make itfelf room, forceth the 
contiguous air to a violent fub-ingreffion of its parts, as fome fuppofe ; for 
 otherwife the fucker would be more refifted by the external air as it 
comes lower ; more of the difplaced air being thruft into it, to comprefs 


4. We took a large lamb’s bladder, well dry’d, and very limber, and 
leaving in it about half the air it would contain, we ftrongly tied the aig 
| jf 
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of it; then conveying it into the receiver, the pump was work’d ; and Pxeumarics 
after two or three ftrokes, the imprifon’d air began to fwell in the blad- 
der, and continued to do fo, as thereceiver was farther exhaufted, till, at 
length; the bladder appear’d perfectly turgid. ‘Then, by degrees, allow- 
ing the external air to return into the receiver, the diftended bladder 
fnrunk proportionably, grew flaccid, and, at laft, appear'd as full of wrin- 
kles as before. : : 

And to try whether the actual elafticity of the fibres of the bladder, 
had any fhare in this effect, we let down to the former, two {maller 
bladders, of the fame kind ; the one not tied up at the neck, that the. air 
it contain’d might pafs into the receiver ; the other, with its fides ftretch’d 
out, and prefs’d together, that it might hold the lefs air, and then ftrongly 
tied up at the neck ; and, whilft the firft, upon working the pump, ap- 
Beard, every way diftended to its full dimenfions, neither of the others 
were remarkably fwell’d; and that whofe neck was left loofe, feem‘d 
very little lefs wrinkled than when firft put in. 

We made, likewife, a ftrong ligature about the middle of a long bladder, 
emptied of its air in part, but left open at the neck ; and, upon exhaufting 
the receiver, obferv'd no fuch {welling betwixt the ligature, and the 
neck, as betwixt the ligature and the bottom of the bladder, where air 
was included. ; 

5. We hung a dry bladder, well tied, and blown moderately full, in the 494, but by 
receiver, by a ftring faften’d to the infide of the cover; and, upon exhautft- a eee 
ing the glais, the included air firft diftended the bladder, and then burtt 
it, as if it had been forcibly torn afunder. - | | 
This experiment was repeated with the like fuccefs ; and the blad- 
der burfting, long before the receiver was fully exhaufted, gave a great re- 

ort. : | 
, But it wasoften, in vain, that we try’d to burft bladders, after this 
manner, becaufe they were commonly grown dry, before they came to our 
hands; whence, if we tied them very hard, they were apt to fret, and fo 
become unferviceable ; and, if tied but moderately hard, their ftiftnefs kept 
them from being clofed fo exactly, that the air fhould not get out into 
the receiver. We found, alfo, that a bladder moderately filled with air, 
and ftrongly tied, being held for a while, near the fire, grew exceeding 
turgid ; and, afterwards, being brought nearer to the fire, fuddenly burft, 
fo loud and vehement a noife, as made us. almoft deaf for fome time 
after *. 

6. Having 


* M. Arnontons fhews, that the fame de- | foever, may perpetually increafe the force 
gree of heat, how fmall foever, may per- | of its fpring, by a fmall degree of heat ; 

~ petually increafe the force of the air’s | provided this air be more and more pref-. 
fpring, provided that air be continually | fed continually. The fame gentleman, 
prefs'd by a weight ftill greater and great- ' alfo, found by experience, that the heat 
er ; and that any parcel ofair, how {mall | of boiling water, which he fhews to be the 
great- 
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“Peeusarres. 6, Having thus found, that the air hath an elaftic power, we were dee 
firous to know how far a parcel of that fluid might be dilated by its own | 


The dilatation 
of air by its 
fpréng, meafu- 
red. 


— 


{pring. 
We thoroughly wetted a limber lamb’s bladder, in water, that the fides 
of it being fqueezed together, no air might be left in its folds, and ftrong- 
ty tied the neck of it about that of a {mall glafs, capable ot holding five 
drams of water; the bladder being firft fo fqueez’d, that the air it 


contain'd was wholly forced into the glafs, without being comprefs’d 


there ; then the pump being fet on work, the air, in the vial, foon be- — 


gan'to dilate, produc’d a {mall tumor in the neck, and gradually came 
further into the bladder ; elevating the fides, and difplayng the folds, 
till, at length, it feem’d blown up to its full extent; when the external 


air, being permitted to return into the receiver, the air that had fill’d the 


bladder, was'thereby reduced into its former narrow receptacle, and the 
bladder became flaccid and wrinkled, as before. ‘Then taking out the 
bladder, and glafs, we fill’d them both with water, thro’a hole made -in 
the top of the bladder; and found the weight of it to be :five ounces, five 


ee 


drams, anda half. ‘So thatthe air, at its utmoft expanfion, ; poflefs’d above 


mine times the {pace it did when firft put into the receiver. sf 
But to meafure the expanfive force of the air more accurately, we took 
a cylindrical pipe of glafs, its bore about a quarter of an inch in di- 
ameter, its length about feven inches, and left it opensat oneend ; but 
the other, where it was hermetically fealed, hada {mall .glafs -bubble, 
to receive the air, whofe dilatation’ was to be meafur’d. Along the 


- fide of this tube we pafted a flip of parchment, divided into twenty-fix 


equal parts, marked with black lines, to meafure both »the -included air, 
and its expanfion. Afterwards we almoft fill’d the tube with water; when, 
{topping the open end, and inverting it, the air was permitted to afcend 
to the bubble ; and, as the afcent was very flow, it gave us the opportunity 
tomark how much more, or lefs than one of thofe divifions, this air took 
up. ‘Thus, after a trial, or two, we convey’d to the top of the glafs, a 
bubble of air, apparently equal to one of thofedivifions ; then the open end 
‘of the tube being put into a fmall vial, whofe bottom was cover'd with 
‘water, we included both glafles ina {mall flender receiver, and caufed 
the pump to be work’d. ‘The event was, that, at the. firft exfuction of 
the air, there feem’d not any expanfion of the bubble, comparable to what 
appear d at the fecond ; and, after a very few ftrokes, the bubble, reach- 
ing as low as the furface of the fubjacent water, gave us caufe to think, 
that it would have expanded much farther, had there been room. We, 
therefore, took out the little tube, and found that, befides the twenty-fix 
divifions, the glafs bubble, and fome part of the pipe, to which the-parch- 


greateft that liquoris capable of,tho’everfo | and upon this foundation, he ingenioufly 


Jong detain’d upon a vehement fire, increa- | ‘attempts to eftablifhan uniformity inther- 


fes the, {pring of the air asmuchas about | mometers. See Memoirs de l’ Academ. A. 1702. 
“of the weight of the atmofphere, fhewn | p. 204. A. 1703. p, 61, &e. a 
uy the barometer, in fpring, or autumn : 

ment 
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ment did not reach, amounted to fix divifions more. Whence it appears, Preumartes: 
that the air poffefs’d one and thirty times more {pace than before; and “7 Y™ 
yet feem’d capable of a far greater expanfion. Wherefore, after the fame 
manner, we let in another bubble, that feem’d but half.as big as the for- 

- mer, and found that, upon exhaufting the receiver, it did not only fill | 
up the whole tube, but, in part, broke thro’ the water in the vial; and oe 
Rael manifefted itfelf to have poffefs’d above fixty times its former 

ace. | 

: Finding, then, that our tube was full too fhort, we took a flender coni- 

cal one, thirty inches long, hermetically feal’d at the flender end, and 

almoft fill’d it with water ; and conveying a bubble of air to the top of it, we 

put the open end in a vial, as before: then the cover, by means of a {mall 

hole made in it, for the glafs-pipe to come out at, was cemented to the 

receiver ; and the pump being fet on work, the air manifeftly appear 'd. 

extended below the furface of the water ; and fome bubbles were ifeen to 

come out at the bottom of the pipe, and break thro’ the water. This done, 

we left off pumping, and obferv’d, that at unperceivd leaks of the re- 

ceiver, the air got in fo faft, that it very quickly impell’d up the water to 

the top of the tube ; excepting a little {pace, whereinto that bubble was 

driven, which had before poffefs’d the whole tube. This air, at the flender 

end, appear d to be a cylinder of + inch in length ; but when the pipe was 

taken out, and inverted, it feem’d, at the other end, lefs in bulk than a 

pea. ‘Then, with a {mall pair of fcales, weighing the tube and water, we | 
found they amounted to one ounce thirty grains and a half ; and filling the | 
tube with water, and weighing again the pipe and water, we found the 

weight increas’d only by one grain. Laftly, pouring out the water, and 

carefully freeing the pipe from it, we weigh’d the glafs alone, and found 

it wanted two drams and thirty-two grains of its former weight. So that 

the bubble of air poffeffing the face but of one grain weight of water, it 

appear'd that this air, by its own {pring, was rarified to one hundred fifty- 

two times its former dimenfions; tho’ it had been compre{s’d only by the 

ordinary weight of the contiguousair. ‘Ihe experiment, indeed, was made 

in a moift night, and in a room with a large fire ; which did, perhaps, fome- 

what rarify the bubble of air. 

It hath feem’d almoft incredible, what Merfennus relates, that the air, by | . 
the violence of heat, may be dilated fo as to take up feventy times its na- 
tural fpace: we, therefore, once more, convey'd into the tube a bubble of | 
the fame bignefs with the former; and profecuting the experiment as 
before, we obferv’d, that the air did manifeftly ftretch itfelf fo, as to | 
appear, feveral times, far below the furface of the water in the vial;. . 
and that, too, with a furface very convex toward the bottom of the pipe. . 
Nay, the pump being ply’d a little longer, the air reach’d to that place, 
where the tube refted upon the bottom of the vial, and feem’d to hit againft . 
and rebound from it. Whence’tis probable, if the experiment could be 4 
- fo made that the expanfion of the air might not be refifted, it would yet 


enlarge its bounds, and perhaps ftretch itfelf to more than two hundred 
; | times 
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_ Pxeumaries. times its former bulk. And this may render many phenomena of our en= 
| gine credible ; fince, of that part of the atmofphere wherein we live, what 
we call the free air, and prefume to be uncomprefs’d, is crowded into {0 _ 
very {mall a portion of the fpace, it would, if untefifted, poflefs. : 
The firength of — 7. ‘To difcover the ttrength of glafs, and what intereft the figure ofa 
ae i ge body may have in refifting a preffure, we made the following experi- 
figurein Juftain- ments. 
ng 4 pre. AN round glafs bubble, capable of containing five ounces of water, being 
purpofely blown very thin, and with a flender neck, we moderately emp- | 
tied the receiver, and nimbly applied the neck of the bubble to the orifice 
of the bottom of it; and after turning the key of the ftop-cock, we made a 
free paflage for the air to come out of the bubble into the receiver 3 which 
it did with great celerity ; leaving the bubble as empty as the receiver it- 
felf. We then let in the external air, which now prefs’d only on the out- 
fide of the exhaufted bubble, being prevented from getting within it ; ne- _ 
verthelefs, it continued as intire as before; the roundnefs of its figure ena- 
bling it, tho’ almoft as thin as paper, to refift a prefiure equal to that of © 
the whole incumbent atmofphere. And repeating the experiment, we 
found again, that the preffure of the air, thrufting all the parts inwards, 
made them, by reafon of their arched figure, fo fupport one another, that _ 
the glafs would not break. 
Fig. 32. 8. We took a glafs alembic, containing between two and three pints; _ 
: the roftrum C, beinghermetically feal’d ; and at the top of it was a hole, 
wherein we cemented one of the fhanks of a ftop-cock ; fo that the glafs 
being inverted, the wide orifice ftood uppermoft; and to this was cemented _ 
a cover of lead: the other fhank of the ftop-cock was alfo, with cement, — 
faften’d into the upper part of the pump, which beginning to be work’d, 
the remaining air became by much too weak to balance the preffure 
of the external air, when the glafs was, with a great noife, crack’d 
almoft half round, along that part of it where it began to bend inwards ; 
as in the line AB; and upon attempting to evacuate more of the air, the 
crack appear d to run further, tho’ the glafs, where it was broken, feem’d 
above twenty times as thick as the bubble employ’d in the preceding expe- 
riment. Henee it may feem ftrange, that ‘taking another glafs bubble, 
ake in all refpects, for ought appear’d, to that jutt mention’d, fealing it 
up hermetically, and fufpending it in the receiver, the exfu@jon of the 
furrounding air did not enable the internal air to break or crack it: and / 
this prov’d the cafe, tho’ the experiment were tried feveral times, with ) 
bubbles of different fizes. But, perhaps, the heat of the lamp, wherewith ~ 
fuch glaffes are hermetically feal’d, might rarify the contain’d air, and” 
weaken its {pring. Sao 
Fig. 33. 9. Into the neck of a common four-ounce vial, we put a flender pipe of © 
glafs, and carefully faften’d it, with a mixture of pitch and rofin, tothe neck | 
thereof. ‘This vial, containing water that reach’d confiderably higher than 
the lower end of the pipe, was put into a {mall receiver, in fuch manner, 
that the glafs pipe, paffing thro’ a hole in the leaden cover of the receiver, 


was 
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wa’ principally without the veffel; which being exactly clofed, we work’d Pxzusarics) — 
the pump: but at the very firft ftroke, and before the fucker was drawn 
to the bottom of the cylinder, there flew out of the vial, a large piece of 
glafs, with a furprizing violence and noife, fo as to crack the receiver in 
many places. | 
For farther fatisfa€tion, we repeated the experiment in a round glafs, 
that would contain fix ounces of water ; which we put into a {mall receiver, 
fo that the bottom of it refted upon the lower part of the receiver, and 
the neck came out thro’ the leaden cover of the fame. This vial we inclu- 
ded in a bladder, before it was put in, and the receiver being clos’d, fo 
that the outward air ‘could not enter but by breaking thro’ the vial, into 
whofe cavity it had free accefs by the mouth, the fucker was nimbly drawn 
down ; upon which, the external air immediately prefs’d forcibly, as well 
upon the leaden cover as the vial; and the cover happening to be in one place 
a little narrower, than the edge of the receiver, it was deprefs’d, and 
thruft into it fo violently, that getting a little within the lip of the glafs, ir 
thruft outthe fide, where it was deprefs’d, fo as tofplit the receiver. And 
having fitted a wider cover to the Bane receiver, and clos’d both that, and 
the crack with cement, we profecuted the experiment in the former manner 
with this fuccefs ; that, upon fuddenly depreffing the fucker, the exter- 
nal air burft the vial into above a hundred pieces, many of them exceeding 
{mall, and with fuch violence, that we found a wide rent, and many holes 
made in the bladder. | 7 
And to fhew, that thefe phenomena were the effects of a limited force, 
and not of fuch an abhorrence of a vacuum, as muft, upon occafion, exer= 
cife a boundlefs power, we try’d feveral thicker glafles, and found that 
the experiment would not fucceed ; for the clafles were taken out, asentire 
as they were put in. : a1 
And here, by the way, we may obferye, that every {mall crack will not 
render a roundifh receiver ufelefs in our experiments, becaufe, upon evacua- 
tion of the internal air, the external on all fides preffing the glafs towards 
the center, thrufts the edges of the crack clofer together. 
And, in cafe of confiderable flaws, we fuccefsfully apply a plaifter, 
made of quick-lime, finely powder’d, and nimbly ground, with a proper 
quantity of the {crapings of cheefe, and fair water, enough to bring the 
mixture to a foft pafte; which, when the ingredients are exquifitely incor- 
porated, will have a ftrong, and fetid {cent ; and then, it muft be immediate~ 
ly fpread upon a linen cloth, and applied, leftit begin to harden. 
10. We let down, into our receiver, a tallow-candle of a moderate {1Z€, The flame of tale 
and fufpending it, fo that the fame appeared in the middle of the veffel, ae of wax 
we prefently clos‘d it up, and upon pumping found, that within little more, 
than half a minute after, the fame went out. ) 
At another time, the fame.lafted about two minutes, tho upon the firft 
exfuction it feem’d to contraét itfelf in all its dimenfions, and after 
two or three exfuctions, it appear’d exceeding blue, and gradually, 
Vou. II. Stee = Bi. receded 
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Prrumarics. receded from the tallow, till at length it feem’d to poffefs only the very 
: ~™ top of ‘the wiek, and there it vanifh’d. opt ” m 
he fame candle, beinglighted again, was fhut into the receiver, to try 
how it would burn there, without exhaufting the air; and we found that it 
Jafted much longer than formerly ; and before it went out, it receded from 
the tallow, towards the top of the wiek, tho’ not near fo much, as in the 
former experiment. neal | 
We took notice, that when the air was not drawn out, a confiderable 
part of the wiek remain’d kindled upon the extin¢étion of the flame, 
which emitted a {moke, that fwiftly afcended direétly upwards, in a flen- 
der and uninterrupted cylinder, till it came to the top, from whence it re- 
turn’d, by the fides, to the lower part of the veflel; but when the flame 
went out, upon the exfuction’ of the air, we once perceiv’d it not to be 
follow’d by any fmoke at all. And at another time, the upper part of the 
-wiek, remaining kindled after the extinction of the flame, a flender fteam 
afcended, but a very little way, and after fome uncertain motions, for the 
greateft part, foon fell downwards. ie | | 
Joining together fix flender tapers of white wax, as one candle, and 
having lighted all the wieks, we let them down into the receiver, and made. 
what haft we could to clofeit up with cement. But, tho’in the mean while, — 
we left open the valve of the cylinder, the holeof the ftop-cock, and that in 
the cover of the receiver, that fome air might get in to cherifh the flame, © 
and that the fmoke might have a vent; yet the air fufficed not for fo great 
a flame, till the cover could be perfeétly luted on’; fo that before we were 
ready to employ the pump, the flame was extinguifh’d. Wherefore, we took 
but one of the tapers, and having lighted it,clos‘d it up inthe receiver, to try. 
how long a fmall flame, with a proportionable -{moke, would continue in — 
fuch a quantity of air ; but we found, upontwo feveral trials, that from our . 
beginning. to pump, the flame went. out in about a minute. It appear‘d, 
indeed, that the {winging of the wire, whereby, ‘the candles hung, haft-. 
ned. the extin@tion of the flame, which feem’d, by the motion of the pump, 
to be thrown, fometimes on one fide of the wiek, and fometimes on the 
other... But, once refraining to pump, after a very few exfuctions, the 
flame lafted not much longer.. And laftly, clofing up the fame lighted ta- 
per, to difcover how long it would laft, without drawing out the air; - 
we found, that it burnt vividly for a while ; but afterwards, began to di- 
minifh gradually in all its dimenfions, tho’ the fam edid not, as before, retire. 
itfelf by little and little towards the top, but towards the bottom of the 
wiek, fothat the upper part of it, manifeftly appeard for fome time, a-_ 
bove the top of the flame; which, having lafted about five minutes, was 
| fucceeded by a ftream of fmoke, that afcended in a ftrait line. ree 
Kinda char yr, A fpiral wire, fill’d to the height of about five inches, with 
Fig. 34, wood-coals throughly kindled, being let down into the receiver, and the — 
pump fet to work ; we obferv’d, that upon the very firft exfuction of the 
coals, the fire grew dim, and tho’ the agitation of the veffel made them 
fwing ; yet, when we could no longer difcerna rednefs in any of them, 
we 
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we found that, from the beginning of the pumping, that is, about twoPszumaries, 


minutes after the coals had been put in, glowing, to the total difappear- 
ing of the fire, there had pafs‘d three minutes. 

We then, prefently, took them out, and found there had remain’d fome 
little parcels of fire, rather cover’d, than totally extinguifh’d ; for, in the 
open air, the coals began to re-kindle, in feveral places. Wherefore, ha- 
ving, by {winging them about in the wire, throughly lighted them a fecond 
time, we let them down again into the receiver; and clofing it, waited till 
the fire feem’d totally extinét, without working the pump, and found that 
from the time the veflel was clofed, till no fire at all could be per- 
ceiv'd, there had elapfed four minutes. 

Laftly, having taken out the wire, and put other coals into it, we, in 
the fame room where the engine ftood, let it hang quietly by a ftring, in 
the open air; and found that the fire began to go out firft at the top, and 
outfides of the coals ; but inwards, and near the bottom, it continu’d vi- 
fible for above half an hour ; a great part of the coals, efpecially the lower- 
moft, being reduced to afhes before the fire was extinguifh’d. 


A. piece of iron, of the bignefs of a middle-fized charcoal, being, alfo, Red-bot iron. . 


inade red-hot throughout, we fufpended it in the exhaufted receiver ; but 
could not obferve any manifeft change upon the exfuction of the air. 
Theiron, indeed, began to lofe its fiery rednefs at the top; but that 
feem’d owing to the upper-end’s being fomewhat more flender, than the 
lower; and the rednefs, tho’ it were in the day-time, continued vifible 
about four minutes ; and then before it quite difappear’d, we let in the air, 
but no change enfued. Yet fome little remainders of wax, that ftuck 
to the wire, and were turn’d into fumes by the heat of the iron, afforded 
a more diffufive {moke when the air was drawn out, than afterwards ; 
tho’ allowance were made for the decreas’d heat of the metal. And laft- 
ly, notwithftanding a confiderable extraétion of the air, and the inconfi- 
derable diffipation of the parts of theiron , the fides of the receiver were 
very fenfibly hot, and retain’d a warmth for fome time after the iron was 


taken out, , 


12. We fufpended a piece of well-lighted match, in our receiver, with Lighted match 


the lighted end downwards, when the fumes of it, almoft, immediately fill’d, 
and darken’d the réceiver. Wherefore, left the veflel fhould be endan- 
gerd, the pump was nimbly ply’d, anda ‘great deal of air and fmoke, 
mix d together, drawn out ; whereby the receiver growing more clear, we 
could difcern the fire in the match, to burn, by. degrees, more languidly ; 
and, after no long time, it ceas’d to be difcernible either by its light, or 
fmoke. And tho’ we continued pumping for a while longer, yet, upon 
admiffion of the external air, the fire, that feem’d to have been long extin- 
suifh'd, prefently reviv'd, and began again to fhine, and diffipate the ad- 
jacent fewel into {moke, as before. 

13. We, afterwards, let down into the receiver, together with a piece of 
lighted match, a large bladder, well tied at the neck, and containing only 
about a pint of air, tho’ capable’ of ‘containing ten times as much. 
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Prevmarics. "This was defign’d to try, whether the fmoke of the match, replenifhing 
the receiver, would hinder the dilatation of the internal air, upon the ex- 
traction of the external; andto difcover whether the extinction of the 
fire in the match, proceeded from want of air, or, barely, from the pref- 
fure of its own fumes. | 
The event was, that, at the beginning of our pumping, the match ap- 
peared well lighted, tho’ it had. almoft fill’d the receiver with fmoke ; 
but, by degrees, it burnt more dimly ; tho’, by nimbly drawing out the 
air, and fmoke, the veffel became lefs opake : fo that the longer we pump‘d, 
the lefs air, and {moke, came out of the cylinder, upon opening the valve ; 
yet the fire inthe match, went out but flowly. And when, afterwards, 
we had darken’d the room, and, in vain, attempted to difcover any {park 
of fire, we fill continued pumping ; and, at laft, letting in the air, the fire 
quickly revived, yielded light, and plenty of {moke. ‘Then we fell to 
pumping a-frefh, and continued it till long after the match went out again ; 
fo that in lefs than half a quarter of an hour, the fire was extinguifhed, — 
beyond the poffibility of a recovery by re-admitting the air. If the cylin- — 
der were emptied, when the receiver was full of {moke, \ immediately — 
upon turning of the ftop-cock, the receiver would appear manifeftly dark- 
ned, to an eye viewing the light thro’ it ; and this darknefs was lefs, as — 
the receiver contain’d lefs fmoke: it was alfo inftantaneous, and feem’d to 
proceed from a fudden change of place and fituation, in the exhalations, — 
upon the vent afforded them, and the air they were mix d with, out of the 
receiver into the cylinder. We alfo obferv’d a kind of a halo, for a con- 
fiderable time, about the fire, that feem’d to be produced by the furround- - 
ing exhalations. And, when the fumes feem’d moft to replenifh the recei- 
ver, they did not, fenfibly, hinder the air, included in the bladder, from di- 
lating itfelf, after the fame manner it would otherwife have done: fo 
that, before the the match was quite extinct, the bladder appear’d diftended 
to fix or feven times its former dimenfions. | 
We, alfo, took a {mall receiver, capable of containing about a pound anda 
half of water, and, in the midft of it, fufpended a lighted match; but 
tho’ within a minute, from putting in the match, we had cemented on 
the cover, yet, before we began to pump, the {fmoke had fo fili’d the re- 
ceiver, aS, apparently, to choke the fire. And finding it thus impoffible 
to clofe up the veflel, and pump out the fumes foon enough to prevent the 
extinGiion of the fire, we ufed this expedient : as foon as we had pumpd 
once or twice, we fuddenly turn’d the key, and thereby gave accefs to 
the excluded air, which rufhing violently in, drove away the afhes, fill’d 
the glafs with frefh air, and re-kindled the fire; and having, by this’ 
means, obtain’d a lighted match in the receiver, without fpending time, 
to clofe it up, we exhaufted the receiver, and found the match then quickly 
ceas'd to fmoke. ; 
dhol poet 14. We took a piftol, and having Army ty'd.itto a ftick, almoft as long 
der fed invae og the cavity of the receiver, we primed it with dry gun-powder ; then 
cocking it, we faften’d the trigger to one end of a firing, whofe other end 
Was” 
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was faften’d to the key in the cover of our receiver. "This done, we con- Pssumarres 
vey d the whole apparatus into the veflel, which being clofed up, and emp- bat, 
tied after the ufual manner, we turn’d the key in the cover, and thereby 
fhortning the ftring, pull’d the trigger, and obferv’d, that the force of 
the fpring of the lock, was not fenfibly abated by the abfence of the air ; 
for, the cock falling with its ufual violence, ftruck as many, and as con- 
fpicuous {parks of fire, as, for ought we could perceive, it did in the open 
air. Upon often repeating this experiment, we could not perceive, but that 
the fparks of fire moved upwards, downwards, and fide-ways, as when — 
out of the receiver. 

We, likewife, fubftituted a piece of fteel for the flint, when, the piftol 

being cock’d, and convey’d into the receiver, we pull’d the trigger, after 
the air was drawn out ; and tho’ the place were purpofely darkned, there 
_appear’d not, upon the collifion of the twof fteels, the leaft fpark of fire. 
We have, indeed, found, that, by the dextrous collifion of two harden’d 
pieces of fteel, many {parks may be ftruck out; but that was done with 
{uch a vehement percuffion of their edges, as could not well be procured 
in our receiver. : : 

But moft of our attempts, to fire the gun-powder in the pan of the pi- 
ftol, fail’d, becaufe we were obliged to let it hang, almoft perpendicu- 
larly, in the receiver ; whereby the powder was fhook out, before the {parks 
could reach it. Once, however, the experiment fucceeded ; andthe kin- 
died powder feem’d to make a more expanded flame, than it would have 
done in the open air, and mounted upwards: upon the extinétion of 
the fame, the receiver appear’d darkned with fmoke, which feem’d to 
move freely up and down, and, upon letting in the air, began to circulate 
much fafter than before. 

15. Weconvey’d into a {mall receiver, a piece of combuftible, dry, black Red nce: to 
matter ; and carefully clofing the veffel, we brought it to a window, at pupieie body, 
which the fun fhone in very freely ; then, drawing out the air, we, with 4y te Jun's rays 
a burning-glafs, threw the fun’s rays upon the combuftible matter, which” “"" 
began immediately to fend out a {moke that darkned the receiver ; but, 
notwithftanding all our care, the external air got in, and fruftrated the ex- 
periment. 

We, therefore, lode’d this combuftible matter in the cavity of our lar- 
geft receiver, fo that it was almoft contiguous to the fide next the fun : we 
then endeavour’d to kindle it, but found, that by reafon of the thicknefs of 
the glafs, the fun-beams, thrown in by the burning-glafs, were, in their 
paflage, fo diflocated, and fcatter’d, that we could not, poffibly, unite 
enow of them, to make the matter yield a fenfi b{moke. 

16. Weconvey'd into the receiver, a little pedeftal of wood, in the midft 4, exited nee - 
of which was; perpendicularly ere¢ted, a {lender iron, upon the fharp 4! is aco 
point whereof, an excited needle of fteel, of about five inches long, was iit a 
fo placed, that, hanging in equilibrium, it could move freely every 
way. Then the air being pumpd out, we employ’d a load-ftone, mode- 
rately vigorous, tothe outfide of the glafs, and found that it pao 

repe 
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PrrxMarics-repell’d the ends of the needle, without any remarkable difference from 
> what the fame load-ftone would have done, had none of the air been 
drawn away from about the needle : which, when the load-ftone was re- 
movd, refted, after fome tremulous vibrations, in a pofition north and 
fouth. 
The Torricelli. 7, A flender, and very exact cylinder of glafs, near three feet in 
an expertament in - . 4 ae ‘ P 
vacuo, length ; its bore, a quarter of an inch in diameter ; being hermetically 
fealed, at one end, was, at the other, filled with quick-filver ; care being 
taken, that as few bubbles as poffible, fhould be left in the mer~ 
cury. Then’ the tube, being ftop’d with the finger, and inverted, was 
open‘d into a long, flender, cylindrical box, half fll’d with quick-filver ; 
when that in the tube fubfiding, and a piece of paper being pafted level to 
«its upper furface, the box and tube were, by ftrings, carefully let down 
into the receiver; and the cover, by means of this hole, flipt along as — 
much of the tube, as reach’d above the top of the receiver: the interval 
left. betwixt the fides of the hole, and thofe of the tube, being exquifitely 
fill’d up with melted diachylon; and the round chink, betwixt the cover 
and the receiver, likewife, very carefully clos’d ; upon which clofure, there 
appeard no change in the height of the mercurial cylinder: whence the 
air feems to bear upon the mercury, rather by virtue of its {pring, than 
of its weight ; fince its weight could not be fu ppos'd to amount to above two 
or three ounces; which is inconfiderable, in comparifon of fuch a cylinder of 
mercury asit would fuftain. Now the fucker was drawn down, and imme- 
diately, upon the evacuation of a cylinder of air, out of the receiver, the quick- 
filver in the tube fubfided ; and notice being carefully taken of the place 
where it ftop’d, we work’d the pump again, and mark’d how low the quick- 
filver fell at the fecond exfucétion: but, continuing thus,we were foon hinder’d 
from accurately marking theftages in its defcent, becaufe it prefently funk 
below the top of the receiver: fo that we could, from hence, only mark it 
by the eye. Andcontinuing pumping, for about a quarter of an hour, we 
could not bring the quick-filver, in the tube, totally to fubfide. Then we - 
Jet in fome air ; upon which, the mercury began to re-afcend in the tube, 
and continued mounting, till having return’d the key, it immediately refted 
at the height it had then attain’d. And fo, by turning, and returning 
the key, we did, feveral times, impel it upwards, and check its afcent ; 
till, at length, admitting as much of the external air, as would come in, 
the quick-filver was impell’d up, almoft, to its firft height ;_ which it could 
not fully regain, becaufe fome little particles of air were lodg’d among 
thofe of the quick-filver, and rofe in bubbles to the top of the tube, 

{tis remarkable, that having, two or. three times, try’d this experiment, 
ina {mall veffel ; upon the very firft cylinder of air that was drawn out 
of the receiver, the mercury fell, in the tube, 18 inches and a half 3 and, 
at another time, 19 inches anda half. 

We, likewife, made the experiment in a tube lefs than two feet in 
length ; and, when there was fo muchair drawn out of the receiver, that 
the remaining part could not counter-balance the mercurial cylinder, it fell 
| ’ above 
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above a fpan at the firft ftroke ; and the external air being let in, impell’d PeeuMATies. 
it up again, almoft to the top of the tube: fo little matters it, how heavy 
or light the cylinder of quick-filver be, provided its gravity overpower 
the preflure of as much external air, as bears upon the furface of that mer- 
cury into which it is to fall. 

Laftly, we obferv'd, that if more air were impell’d up, by the pump, 
into the receiver, after the quick-filver had regain’d its ufual ftandard in 
the tube, it would afcend ftill higher ; and immediately, upon letting out 
that air, fall again to the height it refted at before. 

But, in order to fill the Yorricellian tube with exa€tnefs, the edges of 
the open end fhould be made even, and turned inwards, that fo the ori- 
fice, not much exceeding a quarter of an inch in diameter, may be the 
more eafily, and exactly ftop’d by the finger ; between which, and the 
quick-filver, that there may be no air intercepted, it is requifite that 
the tube be perfectly full, that the finger, preffing upon the protuberant 
mercury, may rather throw fome out, than not find enough to keep out 
the air exactly. It is, alfo, an ufeful way, not quite to fill the tube, but 
to leave, near the top, about a quarter of an inchempty: for, if you then - 
ftop the open end, and invert the tube, that quarter of an inch of air, 
will afcend in a great bubble to the top ; and, in its paflage, lick up all 
the little bubbles, and unite them with itfelf, into one great one. So that, 
if by re-inverting the tube, you let that bubble return to the open end 
of it, you will have a much clofer mercurial cylinder than before ; and 
need add but avery little quick-filver more, to fill up the tube ex- 
adtly. And, laftly, as for fuch lefs, and invifible parcels of air, which 
cannot be thus gather’d up, you may endeavour, before you invert the 
tube, to free the quick-filver from them, by fhaking the glafs, and gent- 
ly knocking on the outfide of it, after every little parcel of quick-filver 
pour’din; and ‘atterwards, forcing the bubbles to difclofe themfelves, 
and break; by applying a hot-iron near the top of the glafs; which will 
raife the bubbles fo powerfully, as to make the mercury appear to boil. 
I remember, that by carefully filling a fhort tube, tho’ not quite free from 
air, we have made the mercurial cylinder reach to thirty inches, and a- 
bove an eighth ; whichis mention’d, becaufe we have tiny by experi- 
ence, that in fhort tubes, a little air is more prejudicial to the experiment, 
than in long ones. | 

18. We fill’d a glafs tube, about three feet long, with mercury ; and aed eee | 
having inverted it into a veflel of other quick-filver, that in the tube, : ad degutes 
fell. down to ‘its ufual height; leaving fome little particles of air’ in 
the {pace it had deferted : for, by the application of hot bodies, to the up 
per part of the tube, the quick-filver would bea little deprefs'd. Laft- 
ly, having put both the tube, and the veflel whereon it refted, into a con- 
venient wooden frame, we placed them together in a window of my cham- 
ber. ; : 

And during feveral weeks, that the tube continu’d there, I obferv’d, 
that the quick-filver did, fometimes faintly imitate the liquor of a thermo- 

meter, 
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Pxrumarics. meters fubfiding a little in warm, and rifing a little in cold weather ; which 
‘ we afcrib’d to the greater, or leffer preffure of that little air, which re- 
main’d at the top of the tube, expanded, orcondens’d by the heat, or cold 
of the ambient air. But, the quick-filver often rofe, and fell in the tube 
very confiderably, after a manner, quite contrary to that of weather-glaf- 
fes, where air is at the top; for fometimes, 1 obferv’d it, in very cold 
weather, to fink much lower, than at other times, when the air was com- 
paratively warmer. And fometimes, the quick-filver would, for feveral 
days together, reft almoft at the fame height; and at others, it would in 
the compafs of the fame day confiderably vary its altitude; tho’ there 
appear’d no change, either in the air abroad, or in the temper of that 
within my room, norin any thing elfe, to which fuch a change could rea- 
fonably be imputed; efpecially confidering, that the {pace wherein the 
mercury continued unfettled for five weeks, amounted to full two inches ; 
defcending in that time about + of an inchfrom the place where it firft 
fettled, and afcending the other inch, and +2: and when we took the tube 
out of the frame, after it had ftaid there part of November, and December, 

a large fire being then in the room, we found the mercurial cylinder to be _ 
above the upper furface of the ftagnant mercury 29 + inches”. xi, 

| uc 


* That the quick-filver inthe barometer ] blown to another quarter, may, not only 
fhould ftand lower, when the air is ,thick {condenfe the atmofphere, but make it 
and moift, than when it is dry, and clear, |heavier. Moreover, heavy dry exhala- 
feems to overthrow the theory of the ait’s {tions will increafe the weight of the air, 
gravitation. Indeed, to difcover the cau-4(as falts and metals diffolv’d in proper 
{es of all the minute variations in the air, is{menftrua, increafe the fpecific gravity 
a very difficult task. The winds have af of them;) and perhaps, at.the fame time, 

reat fhare herein,with the vapours, exha-| add to its elafticity. Again, theair, by 
Pace. and expirations of the earth; per-| thefe, or the like caufes, being rendred_ 
haps alfo, the changes, which happen in | heavier, is the more able to fuftain the va- 
the ‘adjacent regions ;, the flux and reflux | pours ; which therefore coming to be in- 
caufed by the moon in the air, no lefs|timately mix’d therewith, and floating e- 
than inthe fea, and many other particu-| very where uniformly therein, render it 
lars, are not unconcern’d. Now, the air|fair and clear. But, when from contrary 
is heavier, than the vapours it fuftains ;|caufes it becomeslighter, *tis rendred un-’ 
its particles being more grofs, and arifing | able to fuftain the vapours, which always: 
from denfer bodies, than the particles of opprefs it; fo that being, as it were, preci- - 
vapours. But, winds may change this pitated together, they form clouds, and, 
weight of the air, in any particular re-| running into drops, fall, by their increafed’ 
gion; either by bringing, and keeping up| gravity, to the earth. Hence we fee, 
more air over it, as may eafily happen, what caufes render the air heavier, and 
when two contrary winds blow; or by| more able to fuftain the quick-filver in 
fweeping it away, and affording room for the barometer, namely, fuch as make the 
the fubjacent air to expand itfelf; as may | air clear and dry : but the caufes, which 
be the cafe, when two oppofite winds render the air light and unfit to fuftain 
meet, or, when only one blows exceeding the mercury, produce rain. When there- 
ftrong. Thus, tis fa&, that violent gufts fore, the air is lighteft, and the mercury 
make the mercury in the barometer great- | 1n ‘the barometer lowett, the clouds ap- 
ly to fink of a fudden. The cold nitrous} pear very low, and in very {wift motion ; 
particles of the air, or the air irfelf, being: and the air having clear’d itfelf of its 
condenfed by cold in the north, and clouds by rain, becomes very bright mar 

OY tranf 


-furface of that in the veffel. 
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+ Such an inequalicy in the rife, and fall of the mercury will, I.fear, ren-P2vxartes. 
der it) difficult to determine bythe barometer, whether the moon be the ~ 


caufe of the tides, efpecially, till the reafon of this odd phenomenon be 


certainly known ; which feems srucieeny to depend upon confiderable al- 


terations in the air, in point o 


rarity and denfity. 
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19. We took a tube of glafs, about four feet in length, hermetically 4 tike experi. 


feal’d at one end, fill’d it with common water, and inverted the open end 
beneath the furface of a veflel of water. 


4 * “ 2 3 
Then this veel, with the tube 


init, being let down into the receiver, the pump was {et on work ; when, till 
the receiver was moderately exhaufted, the tube continu’d quite full of wa- 


ter; it being requifite, thata great part of the air contain’d in the receiv- 


er fhould be drawn out, to bring the remaining to an equilibrium, with 
fo fhort a cylinder of water... But, when once the water began to ‘fall in 
the tube, eachexfuction of air made it defcenda little lower ; tho’ nothing 
near fo much, nor fo unequally, as the quick-filver did. The loweft, 
we were able to draw down the water, was, to abouta foot above the 


And, when the water wasdrawn down thus 
dow, we found, that by letting in the outward air, it might be immedi- 


ately impeli’d up again, to the higher parts of the tube. _ 

Upon making this experiment in a {mall receiver, we obferv’d, that 
at the firft exfution of the air, the water ufually fubfided feveral inch- 
es; and at the fecond, fometimes near two feet ; whereupon letting in 
the external air, the water was impell’d up, witha very great velocity. 


20. That the air hath a confiderable elaftic power, 
proved: but, whether water participates, in any meafure, thereof, feems 


hitherto, to have been fcarce confider’d. 
Into a large glafs bubble, with a long neck, we pour'd common water, 


- till it reach’d about a fpan above the bubble ; and a piece of paper being 


pafted thereon, we put it, unftopp’d, into the receiver ; when, the pump 


-tranfparent, fo as to afford an excellent 


profpe&t of remote obje&s. But, when it 


is heavy, and the quick-filver ftands high 


- pours, 
therein, and is lefs fit toa 


in the barometer, the heavens appear fair, 
but fomewhat thick, by reafon of the va- 
every where equally difperfed 

ord a good 
view of objeéts at a diftance. And if any 
clouds are feen, they be very high, and 
move flow. When the air is at the hea- 
vieft, thick clouds fometimes cover the 
earth, confifting probably of fuch exhala- 
tions, as the air, at that time, Is unable 


to fuftain; and which, cannot float there- 


in, when ’tis light. In our climate, the 
barometer ftands higheft, when the wea- 
ther is coldeft, and when the eaft, or 
north-eaft winds blow ; becaufe, at that 
time, two winds blow together, from op- 


Vou. Il. 


Tit 


pofite parts; for in the Atlantic ocean, at 
the degree of latitude anfwering to ours, 
the wind, almoft continually blows weft ; 
and when the north-wind blows, an air 
condens d by coldis brought to us. Farther, 
in the moft northern regions, the height of 
the barometer varies more, than in the 
fouthern; the winds being there more 
ftrong, changeable, and contrary to one 
another, on a fmall tratt of land; where- 
by, at one time, they heap up, and con- 
denfe the air, and atanother, {weep it a- 
way, and rarify it. Laftly, the barome- 


ment made with 
water, 


we have abundantly whether water 
be elajtict? 


ter varies leaft between the tropics, be- . 


caufe the wind is there almoft always 
gentle, and blows the fame way. See 
Clark. Annotat. in Robault. & Philof. Tranf. 
No, 181. 292. 


was 
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Pxzumaics was work’d, after the ufual manner, and a confiderable part of the air 

| ' “ia the receiver drawn out, before we difcern’d any expanfion of the. 
water ; but continuing to pump, the water manifeftly began to afcend in — 
the ftem of the glafs, and feveral bubbles, from the lower parts of the vef- 
fel, made their, way thro’ the liquor to the top of it, and there broke into 
the receiver. After the water once appear’d to {well, at each time the 
air was let out from the receiver into the pump, the water in the neck of the 
glafs, fuddenly rofe, about the breadth of a barley=corn, and fo by de- 
grees attain d toa confiderable height, above the mark. Andjat length, 
the external’ air, being fuddenly re-admitted, the water immediately fubfi- 
ded, and deferted all the additional fpace, it had gain’d in the glats. 

21. We convey’d into the receiver a new glafs-vial, capable of holding 
about fix or feven ounces of water ; into which we had before-hand put only 
two or three fpoonfuls of that fluid, and ftopp’d it clofe with a fit cork. — 
The receiver being emptied, there appear’d no change in the inciofed 
water; the air, imprifon’d with it, not having the force to blow out the ~ 
ftopple. Wherefore, we again put in the vial, lefs firmly clofed than be- | 
fore ; but when the air was pumped out of the receiver, that within the 
vial quickly found little paflages to get out at: for when the vial was put 
in the time before, the water remain’d all the while perfe@tly free from — 
bubbles ; but now the bottom of the glafs appear’d all cover’d with them, — 
which, upon the return of the excluded air, prefently fhrunk up. | 

Hence it feem’d deducible, that, whilft the vial continu’d well ftopp’d, , 
the included water fuftain’d, from the air fhut up with it, a preflureequal — 
to that of the atmofphere ; fince, till the air could get out of the glads, 
there appear'd no bubbles in the water, notwithftanding the want of pref- 
fure in the ambient body. | 

But, further, we caufed a convenient quantity of water to be hermeti- 
cally feal’d up ina glafs-ege, whofe long neck was faften’d to one end of 
a ftring, the other end whereof was ty’d to the cover of our receiver; then 
the egg being convey’d into the receiver, and that being evacuated, we, 
by turning the brafs-ftopple, fo fhorten’d the ftring, as to break the elafs; 
whereby liberty being given to the air imprifon’d in the egg, to pals into 
the receiver, its fudden recefs made fo many bubbles appear immediately, 
and afcend fo fwiftly in the water, that their motion look’d likethat ofa. 
violent fhower of rain ; except that the bubbles did not, like the drops of 
rain, tend downwards, but upwards ; as happens in the diffolution of feed- 
pearl, in fome very acid menftruum,wherein, if a large quantity of the pearls 
be caft whole, they will, at firft, be carry’din fwarms from the bottom to 
the top of the liquor. ..And, without fealing up the glafs, this experiment 
may be try’d ina {mall receiver: for the air may here be drawn out fo 
foon, that the bubbles, lurking in the water, will, immediately, difplay 
themfelves, and afcend in throngs. So that, having made the experiment, _ 
‘nfach a receiver, with red wine, inftead of water, the wine appeard 
all cover’d with a large vanifhing white froth, | 


22. To 
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92. To difcover whether the expanfion cf the ‘water ‘really proceeded Pxsumarics. 
from an elaftic power in the parts of that‘Auid ;)werfill’d a glafs-vial, with “YS 
a pound and fome ounces of water, and then put into it a glafs-pipe, a,” 
open at both ends, and feveral inches in length, fo as to reach a little be- 
low the neck ; then we carefully cemented it thereto, that. no air might 
come into ‘the’ vial, nor any water get out of it, but thro’. the pipe; and 
the pipe, being warily fill’d about half-way with water,:and. a mark 
being pafted over-againft the upper furface thereof, the» whole was, \by 
ftrings, let down into the receiver: when, pumping out the air, the wa- 
ter in the pipe began to rife, while fome little bubbles difcover’d them- 
felves on its fides ; and, foon after, the water ftill {welling, there appear‘d, 
at the bottom of the pipe,/a bubble, about the’ bignefs of a {mall pea ; 
which, afcending thro’ the tube to the top of the water, ftaid) there a 
while, and then broke. But the pump being nimbly»ply’d, the: expanfion 
of the water fo increafed, that, quickly getting up to the: top of the pipe, 
fome drops of it began to run down along the outfide of it ; which obli- 
ged usto forbear pumping a while, and let it fubfide, as it did, within 
lefs than two inches of the bottom of the pipe.» Then, the pump, being 
again fet on work, the bubbles began. to.afcend from the bottom of the 
pipe ; of which we. reckon’d about fixty large ones, that afcended one 
after another. And, at length, letting inthe external air, the water, in 
the pipe, inttantly. fell down almoft to the bottom of it. 

When the greater part of the air had been pump‘ out of the receiver, 
the bubbles afcended fo very flowly'in the pipe, that their lprogrefs, was 
fcarce difcernibie ; their magnitude not permitting them’ dufficiently,to,ex- 

_ pand themfelves in the cavity of the siafs, without preding againft the fides 
of it. And, what feems ftrange, thefe bubbies:» wereycommonly much 
larger than thefe which rofe before them ; fome of them being equal in 
bulk to four or five peas. : 7. 

» And tho’, in ordinary bubbles, the air, together with the thin film of 
water that invefts it, commonly {wells above the furface of the water, and 
_conftitutes hemifpherical bodies; the little parcels of air, that. came, up 
after the receiver was tolerably emptied, didi not make, protuberaat 
bubbles 5 but fuch, whofe upper furface was either level with, or beneath 
that of the water: fo that; the upper furface being ufually fomewhat 
convex, the lefs protuberant parts had a quantity of water above them... 

We farther obferv’d, *that,:in the bubbles which firft appear’d,, the af; 
cending air made its way upwards, by dividing the water thro’ which it 
pafs’d; in thofe that rofe at the latter end of the experiment, the af- 
cending parcels of air, having now little more than the weight of the in- 
cumbent water to furmount, were able to: expand themfelves, fo as.,to fill 

that part of the pipe which they pervaded, and, by prefling every, way — 
againit the fides of it, to raife what water they found above them, with 
out letting any confiderable quantity glide down along the fides of the 
glafs: fo that, fometimes, we could fee a bubble thruft on before it a 
whole cylinder of water, perhaps an inch high, and carry it up to,the ne. 
Tii 2 0 
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Prruuarics.of the pipe 3 tho’; upon letting in the external air, thefe bubbles fud- 
denly vanifh’d. y. 

Hence it appears, that the air, and other bodies under water, may be 
prefs’d upon as well by the atmofphere, as by the weight of the incum- 
bent water. Hence, hkewife, it cannot from the preceding experiment 
be fafely concluded, that water uncompreffed, has an elaftic power ; 
fince the intumefcence, produced in that experiment, may be afcribed to 
the numerous little bubbles produced in water, freed from the preflure of 
the atmofphere. And hence, laftly, ic feems probable, that, in the inter- 
{tices of water, there lie conceal’d many parcels either of air, or fome- 
thing analogous thereto; tho’ fo very {mall, that they have not been hither- 
to fufpected to lurk there. “on ~ 

23. It may, indeed, be conje€tur’d, that thefe bubbles proceed not 
fo much from any air in the water, as from the more fubtile parts of the 
water itfelf. 

We, therefore, repeated our former experiment, in a three-foot tube, 
§i’d with water, and in a {mall receiver; and found, that, upon the fubfi- 
ding of the fluid, fo many bubbles, vifibly broke into the upper part of the 
tube, that, having afterwards let in the external air, the water was not 
thereby impell’d to the top, within more than half an inch. Then we, 
again, drew the air out of the receiver, and found, that, by reafon of the 
body which poflefs’d the top of the tube, we were able, not only to make 
the water fall toa level, with the furface of that in the veflel; but alfoa 
great way beneath it. Now, fince this could not well be afcribed to the 
bare fubfiding of the water by its own weight, the water feems to have 
been depreffed by the air. And, indeed, the furface of the water, in the 
tube, was much more concave than ufual. And, by the way, when the 
water, in the pipe, was funk almoft as low as the water without ; we ob- 
ferv’d, that, by the bare application of the hand, moderately warm, to the 
deferted part of the tube, the remaining water would be, fuddenly, confi- 
derably deprefs’d.. And having, fora while, held a kindled coal to the 
outfide of the tube ; the air was, by the heat, fo far expanded, that it 
quickly drove the water to the bottom of the. tube, which reited feveral 
inches below the furface of the ambient water. Hence it appears, that _ 
the air, when expanded to between ninety, and a hundred times its natur 
ral dimenfions, will, yet, readily admit of a much farther rarifaction, by 

if heat. 

But, to proceed; in cafe our bubbles were produced by air, lurking in 
the water ; that air being got together at the top of the tube, I imagin‘d, 
if the receiver were again exhaufted, bubbles would. not rife, as be- 
fore: and, accordingly, the air being again pumped out, the water, in the 
tube, defcended; but, for a great while, we {carce faw one bubble appear; _ 
only when the receiver had been very much exhaufted, and the water 
fallen very low, we difcover’d, near the bottom of the tube, fome little 


ones, which feem’d to confift of fuch parcels of air, as had not, by sem 
| On 
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for of their finallnefs, got up to the top of the water, with the more Pxzusaries, 
bulky and vigorous fort. And having, by letting in the air, forced up | 
the water into the tube, we could not perceive that it afcended near the 
top, tho’ the engine remain’d unemploy’d for two or three nights toge~ 
ther. Having, alfo, try’d a like experiment with quick-filver, inftead of 
water, in a tube about a foor and a half long; upon drawing down 
the quick-filver as low as poffible, and letting in the external air, we 
found, that fome lurking particles of air were got up to the top of the 
tube, and hinder’d the quick-filver from rifing to that height again. _ And, 
tho’ the mercury were, by this means, brought to appear as a very clote 
cylinder ; yet the air, in the receiver, being again evacuated, I could per- 
ceive feveral little bubbles faften’d to the infide of the tube, near the bot- 
tom. And, having purpofely watched one or two of the principal, I ob- 
ferv’d, that tho’ they grew gradually bigger, as the furface of the mer- 
curial cylinder fell nearer to them; {fo that, at length, they {well’d to a 
confiderable bulk ; yet, upon letting in the air, they did not break, but 
prefently fhrunk up, till they became invifible. 

“Hence, it feems highly probable, that, even in the clofeft, and moft 
ponderous liquors, er therefore, much rather in water, there may lurk 
undifcernible parcels of air, capable, upon the removal of the preilure ot 
the atmofphere, and that of the liquor wherein it lurks, to produce con- 
{picuous bubbles. ) 

From thefe feveral particulars, it feems plain, that the bubbles we have 
been treating of, were produced by fuch a fubftance, as may be properly — 
enough call’d air ; tho’ we do not, pofitively, determine, whether air be a 
primogenial body, that cannot be generated, or turn’d into water, or any 
other body. ‘This feems an important queftion, and might greatly conduce 
to explain the nature of the air. 

Many naturalifts efteem the air to be ingenerable, and incorruptible ; and Wether air may 
plaufible reafons may be drawn, to countenance this opinion, from the oe 
permanency required in the corporeal principles of other bodies. Schot- 
tus tells us, that, in the Mufaum Kircherianum, there is a glafs, near 
half full of ordinary fpring-water, which, having been hermetically feal’d 
up by the famous Clavius, is, to this day, preferv’d not only clear and: 
pure, but without, in the leaft, turning into air, tho’ it has ftood for 
fifty years. 

Nor doth it appear, in thofe glaffes which are hermetically feal'd for 
chymical ufes, that the included air, during its long imprifonment, not- 
withftanding the alteration it receives from various degrees of heat, dif- 
cernibly alters its nature ; whilft we plainly perceive, in digeftions and di- 
ftillaticns, that, tho’ water may be rarify’d into vapours; yet it is not, 
really, changed into air, but only divided by heat, and diffufed into very 
minute parts ; which, meeting together, prefently return to fuch water 
as they conftituced before. And even fpirit of wine, and other fubtile and. 
fugitive fpirits, tho’ they readily fly into the air, and mingle with it, do- 
yet, in the glafles of chymifts, eafily refume the form of liquors. 7 
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Pszowaries: volatile falts, tho’ they will readily difperfe themfelves in the air, and 
_" “= play up and.down the capacity of a receiver; yet, after a while, faften 
themfelves to the infide thereof, in the form of falts. 

And the experiment made in our engine, with a piece of match, feems 
to fhew, that even thofe light and fubtile fumes, into which the fire itfelf 
fhatters dry bodies, have no fuch {pring as that of the air ; fince they 
were unable to hinder the expanfion of the air, included in a bladder they — 
furrounded, ‘ofephus Acofta, indeed, tells us, that he faw, in the We/- 
Indies, fome grates of iron fo rufted and confumed by the air, that the 
metal crumbled between the fingers, was like parch’d ftraw. Vare- 
wius, allo, tells us, that, in the iflands call’d Azores, the air is fo fharp, 
as, in a fhort time, to fret not only iron-plates, but the very tiles upon 
the roofs of houles, and reduce them to duft. But it may be faid, that 
thefe authors afcribe fuch effeéts, chiefly, to the winds; and -that 
the corrofion of the iron may proceed not from the air itfelf, or any 
of its genuine parts; but from fome faline corpufcles difperfed thro’ it, 
and driven, by the winds, againft the bodies it is prefumed to fret. 

But, to try whether water could be turn’d into air, we fill’d an 
zolipile therewith ; and placing it upon kindled ‘coals, when the heat forc’d 
out a vehement ftream of aqueous vapours, we ty’d an empty bladder 
about the neck of it; and finding the zolipile, after a while, to blow up 
the bladder, we carefully ty’d it again, that the included fubftance might 
net get away. ‘Then flipping it off from the zolipile, we convey’d it into 
our exhauited receiver, and found, that the included fubftance expanded 
to a much greater bulk than before. And, having again taken out the 
bladder, we fuffer’d it to remain ty’d up till the next morning, when it 
appear’d little lefs tumid: but, upon repeating the experiment, I found 
it very difficult to make it fo accurately, as to fhew, that water may be 
rarify’d into true air. | 

Qn the other hand, we found, by experience, that water, rarity d into 
vapour, may, for a while, refemble the elaftic power of the air. “For, if 
you fill a convenient zolipile with water, and lay it upon quick-coals, you 
may, after a while, obferve fo great a preflure of fome of the parts, con- 
tain’d in it, upon others; that the water will, fometimes, be thrown up 
into the air, above three or four feet high. And, if you then take the 
xolipile, almoft red-hot, from the fire, you may perceive, that the water 
will, for a confiderable time, be fpouted out in a violent ftream. And, 
if there remains but little water in the zolipile, when ’tis thus taken from 
the fire; immerfing the neck of it into cold water, you will find, that, 
after it begins to draw fome of it in, there will be generated, from time 
to time, many large bubbles in that water wherein the neck was plunged. 
Thefe bubbles feem manifeftly to proceed from hence, that, for a 
while, the heat, in the zolipile, continues ftrong enough to rarify part of 
the water that is fuck’d in, and expel it, in the form of vapours, thro’ 
sthat incumbent on the pipe. If, alfo, when the xolipile is almoft full of 

water, you hold a fire-brand in that ftream of vapours which iflues out 


of 
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of the narrow mouth thereof, it will be very ftrongly blown with a con~P*2uMazice — 
fiderable noife. And it has been obferved, that, by placing the brand 
almoft at the mouth of the zolipile, the wind appear’d more vehement, 

than if it were held fome inches from it. 

The elaftic power of this ftream, indeed, feems manifeftly owing to the 
heat that expands, and agitates the aqueous particles thereof ; and fuch 
yapid winds feem to be but water broke into little parts, and put in mo- 
tion ; fince, by holding a folid, {mooth, and clofe body againft it, the va- 
pours condenfing thereon, will prefently cover that body with water. 

But Kircher relates a remarkable experiment, which feems to fhew, that 
water is convertible into air. He tells us, that he made an hydraulic or- 
gan, which was fupplied with wind after the following manner. “‘ ‘There Fg: 3s. 
“was built a little chamber A H, five feet high, and three broad, with 
two tranfverfe partitions C D, and EF, perforated like a fieve; under thefe 
ran a pipe G, which carried the water that, by a ftop-cock, was let out at 
“* H: the water, therefore, rufhing in violently at G, excited a very great 

wind within; which bringing too much moifture along with it, the 
partitions were contrived to purge it therefrom, that ic might be con- 
vey d more pure thro” the pipe A: but to render the air ftill more pure, 
we made a fpiral tube of lead QR, and inferted it into the veflel S : 
by which means the air arrvied at the organ, thro’ the orifice Z, as dry 
as if it had come out of an oven”. 
Now, if the wind that blows the organ here, doth not, upon the cef- 
fation of its unufial agitation, gradually relapfe into water, I fhould 
ftrongly fufpect, that’tis poffible for water to be eafily turn’d into air ; 
for it can fearce feem probable, that fo little air, as is commonly contain’d 
in water, fhould be able, in fo fmall a quantity of water, as feems here em- 
ploy’d, to make fo violent a wind as our author {peaks of. I, therefore, 
fuipect that the wind,in this cafe, may be produced by imall particles of the 
water it felf, forcibly expell’d out of the chamber into the organ. And tho’ 
no heat intervenes, perhaps, motion alone, if vehement, may fuffice to 
break water into very minute parts, and make them afcend upwards, if 
they cannot, otherwife, more eafily , continue their agitation. For, I re- 
member, that betwixt Lyous and Geneva, where the Rhoue is fuddenly ftrait- 
ned by two rocks, exceedingly near each other, that rapid {tream, dafh- 
ing, with great impetuofity, againft them, breaks part of its water. into 
fuch minute corpufcles, and gives it {uch a motion, that a mift, as it were, 
may be obferv’d at a confiderable diftance, arifing from the place, and 
afcending high into the air. But, it feems odd, that aqueous vapours 
fhould, like a dry wind, pafs thro’ fuch a long winding pipe of lead, as 
that defcribed by our author ; fince we fee, in the heads. of ftills, and in 
the necks of zolipiles, fuch vapours are prefently, even by a very little 
cold, condenfed into water. 

We took a clear glafs bubble, capable of containing three ounces of wa- 
ter, witha. long and wide cylindrical neck ; this we fill’d with oil of vitri- 
cl, and fair water, of each almoft a like quantity; and cafting in fix 
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Prevcarics-{mall iron nails, we ftop’d the mouth of the glafs, which was now full 

4“ of liquor, with apiece of diapalma, and fpeedily inverting the bubble, 

we put the neck of it into a fmall wide-mouth’d glafs, with more of the 

fame liquor in it; and as foon asthe neck had reach’d the bottom of the 

liquor, there appear’d, at the upper-part of the vial, a bubble, about the 

bignefs of a pea, which feem’d rather to confift of new {mall bubbles, 

produc’d by the ation of the diffolving liquor upon the iron, than any 

parcel of the external air, that might be fufpected to have got im upon 

the inverfion of the glafs ; efpecially fince we allow’d time to thofe little 

particles of air, which were carried down with the nails, to fly up again : 

and, foon after, we perceiv'd the bubbles, produced by the aétion of the 

menftruum upon the metal, afcending in {warms to the former ; and break- 

ing into it, they foon exceedingly increas’d it, and, by degrees, deprefs’d the 

water, till, at length, the fubftance contain’ in thefe bubbles, poffefs’d 

the whole cavity of the vial, and moft of its neck too ; reaching much lower 

therein, than the furface of the ambient liquor, wherewith the open- 

mouth’d glafs was, by this means, almoft replenifhed. We fufter'd both 

the vial, and the open-mouth’d glafs, to remain as they were, in a win- 

dow, for three or four days and nights together ; but often looking upon 

them, during that time, as well as at the expiration of it, the whole ca-~ 

vity of the glafs bubble, and moft of its neck, feem’d to be poflefs'd by 

air; fince, by its {pring, it was able, for fo long, to hinder the expell’d 

liquor that furrounded it, from regaining its former, place. And juft be- 

fore we took the vial out of the other glafs, upon the application of a warm 

hand to the convex part of the bubble, the imprifon’d fubftance readily 

dilated itfelf, like air, and broke thro’ the liquor in feveral fucceeding 
bubbles. 

Having alfo, at another time, made the like experiment, witha {mall 
vial, and nails diflolv’d in Agua fortis, we found it fucceeded as the fore- 
going. And here we obferv’d, that the fteams newly generated, did not 
only poflefs almoft the whole cavity of the glafs, but feveral tmes, of 
themi{elves, broke away in large bubbles, thro’ the ambient liquor into the 
open air: whence thefe experiments feem’d, manifeftly, to prove, that, in 

« general, air may be generated de novo. 

And if, aceording to the mechanical hypothefis, the difference of bodies - 
proceeds but from the various magnitudes, figures, motions, and textures 
of the {mall parts they confift of; there appears no reafon why the mi- 
nute parts of water, and other bodies, may not be fo agitated, or connect- 
ed, as to deferve the name of air. 

24. We chofe a glafs-egg, half an inch in diameter at the top, and an 
inch at the bottom; and filling it with common water, to the height of 
about a footand a half, fo that the upper part remain’d empty, we en- 
clofed it in the receiver; and, upon pumping, obferved bubbles at the — 
bottom and fides of the glafs ; and, increafing as the air was drawn away, 
they, from time to time, plentifully afcended to the top of the water, where 
they quickly broke: but the widenefs of the glafs allowing them free 
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paflage thro’ the water, they did not, as in the former experiments, feem P¥ 


to make it fwell; and, upon the return of the external air, the water ap- 
peard to have loft of its firft extent, by the avolation of the air inter- 
{perfed. | 


We put about two ounces of rain-water, carefully diftill’d, into a 


round glafs-bubble,with a very {mall neck, which was thereby fill’d half way 


tothe top, and then convey’d it into the receiver ; and,tho’ we drew out 
more air than ordinary, there appear’d not the- leaft intumefcence of 
the water, nor any afcending bubbles. But fufpefting that either the 
{mall quantity of the water, or the figure of the veflel, might affeét the 
experiment, we took the former glafs egg, and another, not much different 
from it, and fill'd the firft, with diftill’d rain-water, to the old mark, and, 
into the latter, put a long cylinder of folid glafs, to ftraiten the cavity of the 
neck ; andthen pouring fome diftill’d water into that, alfo, till it reach’d 
near the top, they were both let down into the receiver: but here the air 
was fo far exhaufted, before there appear’d any bubble in either of the 
glafles, that the difference betwixt this, and common water, was very ma- 
nifeft. But, at length, when the air was almoft quite drawn out, the bub- 
bles began to difclofe themfelves, and to increafe, as the preffure of the air, 
in the receiver, decreas’d. But, in the firft egg, the bubbles were very 
{mall, and never able to {well the water above the mark; in the other, 
whofe neck was ftraitned, great numbers of large ones, faiten’d themfelves 
to the lower-end of the folid piece of glafs, and gather’d to fuch a degree, be- 
tween it and the fides of the neck, that the water {well’da finger’s breadth 
above the mark ; tho’, upon admitting the external air, it relaps’d to the 
former mark, or rather fell below it: upon which, all the bubbles pre- 
_fently difappear’d in the former veffel; whilft feveral remain’d faften’d to 
the lower-part of the glafs cylinder, and continued there for above an hour 
after, but contraed in their dimenfions. 

And having fuffer’d thefe glaffes to remain above twenty-four hours in 

the receiver, we, afterwards, repeated the experiment ; but tho’ the receiver 
_ was carefully exhaufted, yet we farce faw,a bubble in either of the glaffes ; 
yet the water rofe the breadth of a barley-corn in the neck of that glafs 
wherein the folid cylinder had been placed ; the liquor, in the other; not 
being Jenfibly fwell’d. And, laftly, upon letting in the air, the water in 
the ftraitned neck, foon fubfided to the mark, above which it had ftretch- 
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25. We took a glafs egg, with a Jong neck, of about + inch in diameter, and 2% ai" ¢- 


pouring in fallad-oil till it reach’d above half-way to the top, we inclosd 
it in the receiver, together with fome common water ina fimilar veffel.’ The 
pump being fet on work, there beganto appear bubbies in the oil, much foon- 


er than inthe water ; and afterwards they, alfo, afcended more plentifully — 


in the former, than in the latter; and when the receiver was well ex- 
haufted, the bubbles rofe almoft as numerous as ever: fo that none of 
the various liquors, we have try’d, feem’d to abound more with aerial par- 
ticles, than this oil. And here twas remarkable, that ; between the time 
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Oil of turpen- 
tine, 


Oil of tartar. 


Spirtt of vines 
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and milk, 
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it Wa$-put into the receiver, and. that before we could work the pump, it 


{ubfided about half an inch below the mark it at firft reach’d to. 

Common oil of turpentine, being put intoa fmall glafs bubble with a 
flender neck, fo as to fill it about two inches from the top, prefented us, 
upon evacuating the receiver, with numerous bubbles; moft of which, -ri- 
fing from the bottom, expanded themfelves exceedingly in their afcent, and 


made the liquor, inthe neck, to {well fo much by degrees, that at length, — 


it feveral times ran over at the top: whereby we were hinder’d from 
difcerning, upon letting inthe air, how much the finking of the oil, below 
the firft mark, was due tothe recefs of the bubbles. | 

Having filld.a glafs egg with a very ftrong folution of fale of tar- 


tar in fair water; tho’ this, except quick-filver, is reckon’d the heavieft . 


of liquors; we tryd, whether it would afford any bubbles; and put- 


ting it into the receiver, along with other liquors, wefound that they yield= — 
ed many bubbles, long before any appear’d in that: and upon profecuting — 
the experiment, it feem’d, ofall the liquors whereof we made trial, this 


afforded the feweft, and {malleft bubbles. rod. 4 | | 
Spirit of vinegar, examined after the fame manner, exhibited a mode-= 
rate quantity of bubbles. In red wine, we found nothing very remarka- 
ble: . for tho’ upon the exfuction of the air, the bubbles afcended in it, as 
it were in fhoals, and fhifted places, among themfelves, in their afcent; yet 
the intumefcence of the whole bulk of the liquor, was fearce fenfible ; the 


bubbles..moft commonly breaking very foon after their arrival at the top; 
where during their ftay, they compofed a kind of fhallow froth, which, a-_ 
lone, appear'd higher, in the neck of the glafs, than the wine, when it _ 
was firft let down. Milk convey'd into our receiver, prefented us with 


nothing confiderable, except that the bubbles, not eafily breaking at the top, 


and thrufting up one another, made the intumefcence appear much greater, 


than that of common water. : | 


We likewife convey’d hens eggs into the receiver, but after the exfu@ion 


of the air, took them out whole again. 


We put fome fpirit of urine into a glafsegg, fill’d another glafs, to about | 
two thirds of its neck, with rectified {pirit of wine, and a third with com-— 


mon water, till it reach’d to the middle of the neck, and then pour’d to it 


~~ of the fame fpirit of wine, till it reach’d about an inch higher. Thefe glaffes, - 
having marks fet on them, over againft the tops of the contain’d liquors,’ 


were put into the receiver, and that beginning to be evacuated, bubbles 


bomen toappearin allthree. The mixture of fpirit of wine and water, — 


difclofed numerous bubbles, efpecially towards the top, and the fpirit of u= 
rine appear’d to {well near an inch and a half above the mark, and yielded 


plenty of bubbles, which made a kind of froth atthe upper part of it; and’ 
above that, there appear’d eight or ten great bubbles, one higher than a- _ 
nother, each of them conftituting, as it were, a cylinder of about half an — 


inch high, and as broad as the internal cavity of the neck ; fo that all the 
upper part of the neck feem’d to be divided into equal parts, by tranf- 


verfe 
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‘verfe pattitions, confifting of the coats of the bubbles, whofe edges ap-Prrumarics, 


“pear like fo many rings, fufpended one above another. 9 °'" | 
~ In the fpirit of wine, there arofe a great multitude of bubbles, all the 


‘while the experiment wasin hand, which afcended with a great velocity, and - 


being arriv’d at the top, made no ftay there; yet, notwithftanding the 
‘sreat fluidity and volatility of the liquor, before they broke they lifted up the 
‘upper furface of it, and fora moment or two, form’d thereof, a’thin film, 
which appear’d protuberant, above the reft of the fupérficies, like’a {mall 
hemifphere: thefe alfo afcended in ftrait lines, whilft thofe produced at 
the lower part of the veflel, containing the mixture of the water and {pi- 
“rit of wine, afcended with a wavering motion, defcribing an indented line. 
“Laftly, it was obfervable in the fpirit of wine, as alfo in the oil of turpen- 
tine, lately mention’d, that not only the bubbles feem’d to rifefrom deter- 
minate places, at the bottom of the glafs; but that, in their’ afcent, 
they kept an almoft equal diftance from each other, and fiicceeded in a cer- 
tain order, whence they {feem’d partof {mall bracelets, confifting of equally 
{mall feparate beads ; the lower end of each bracelet being, as it were, 
faften’d toa point, at the bottom of the glafs. els 

~ ‘The air being fparingly let into the receiver, the great bubbles incumbent 
upon one another, in the glafs that contain’d the {pirit of urine, were by 
regular degrees leffen’d, till at length, they wholly fubfided. Notwith- 
ftanding the recefsof fo many bubbles as broke on the top of the fpirit of 
urine, during all the time of theexperiment, yet it {carcely appear’d, atall 
funk below the mark. Nor did the mixture of fpirit of wine and water 
confiderably fubfide. But the fpirit of wine, not only vifibly expanded it- 
~ felf in the neck of the veffel, that contain’d it, whilft the bubbles broke at 
the top of it, almoft as foonas they arrived there ; but upon the re-admiffion 
of the external air, it retain’d its new expanfion.. And, tho’ we let it alone, 
for near an hour together, yet when we took it out, it ftill fwell’d between 
a quarter and half ‘an inch above the’ mark. Repeating the experiment 
with freth fpirit of wine, it fwell’d in the neck as formerly ; and-leaving it 
all night in the receiver, and allowing free accefS to the external air at the 
ftop-cock, I found it, the next day, ftill expanded, as before; only it 
feem’d a little lower; which decreafe, perhaps, proceeded from the avola~ 
tion of fome of the fugitive ea of the liquor. And for farther fatisfac- 
tion, having taken out the glafs, and confider’d it in the open air at a win- 
dow ; I could not find, that there ‘was’ any remaining bubble to occafion 


the continuance of this ftrange expanfion. 


26. We took two very {mall vials, of the fize and‘ fhape exprefs'd iN The gravity of 


Fig. 36. and into one of them, put fo much of a ‘certain ponderous mercu- 


rial mixture, that, the mouth being:ftop’d with a little foft wax, the glafs 


would but juft fink in water: this we let fall'to the bottom of a wide~ 

mouth’d cryftal-jar, fill’d with about half-a pint of’common water’; and. 

into the fame veffel, we funk the other glafs, unftop’d, with as much water 

in it as was more than fufficient tomake it fubfide. ~ Both thefe funk with 

their mouths downwards ; the ate tt about three quarters full of a 
| . 2 ay 
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Perumarics and the latter containing in it a bybble of air as big as half a pea ; ther 


the wide-mouth'd glafs was let down into the receiver, and the engine be- 
ing work’d, the bubbles began to appear in the water, as in the former ex- 
periments ; but continuing long to ply the pump, that little glafs, whofe 
mouth was open’d, came to the top of the water; being, as it were, 
buoy’d.up by .a great number of bubbles, that had faften’d themfelves to 
the fides of it; and fwimming thus, with the mouth downward, we could 

eafily perceive, that the internal air above-mention’d, had much dilated 

itfelf, and thereby feem‘d to have contributed to the emerging of the glafs, 

which remain’d floating, notwithftanding the breaking, and vanifhing of 
moft of the contiguous bubbles. And perfifting in pumping, we obferv’d, 

that at each time the key was turn’d, the air, inthe little glafs, manifeft- 

ly expanded itfelf, and thruft out the water; generally retaining a very 

protuberant furface, where it was contiguous to the remaining water. 

And when, after feveral exfuCtions of the air in the receiver, that in the 
vial fodilated itfelf, as to expel almoft all the water, it turn’d: up its mouth 

towards the furface of the water in the jar, and there deliver'd a large 

bubble, and then relapsd into its former floating pofture. 

This experiment taught us, that it was a work of more time and la- 
bour, than we imagin’d, to exhauft our receiver as much as it may be 
exhaufted ; for tho’ before the {mal viall emerged, we thought the recei- 
ver confiderably emptied, becaufe there feem’d to come but very little 
air at each exfuction, out of the cylinder; yet, afterwards, the airinclu- 
ded in the vial, manifeftly dilated itfelf upon each ftroke, fo long, that for 
nine times it turn’d its mouth upwards, and difchare’d a bubble about the — 
bignefs of a pea. Burthat vial which had the weight, in it, rofe not at 
all: then leifurely letting in the air, that within the vial fhrinking into 
a very narrow compais, the glafs fell down to the bottom of the 
jar. | 

But being defirous to try once more, whether the little glafs with 
the weight in it, might not alfo be rais'd ; after we had fuffer’d the en- 
gine to remain clos’d, as it was, for five or fix hours, the pump was a- 
gain ply'd fo vigoroufly, that not only about the upper-part of the jar, 
there appear’d a large number of {mall bubbles ; but afterwards, there 
came from the bottom of the jar, fome as large as {mall peas, which, the - 
pump being ftill kept going, follow’d one another, tothe number of forty, — 
coming from the ftop’d vial; whofe mouth, it feems, had not been fhut fo 
clofely, but the included air found a paflage betwixt the wax and the 
glafs. After this, the unftop’d glafs began to float again; the air fhut u 
in it, being fo dilated as to expel a large part of the water, but not fo 
much as to break quite thro. And, at length, the heavier of the two 
vials began to rife, but immediately fubfided again: which feem’d owin 
to the air within it, whofe bulk and {pring being weakned bythe recefs 


ofthe forty bubbles, it was no longer able to break thro’ the incumbent 


water ; but forming a bubble, at the mouth of the glafs, buoy’d it up to+ 
wards the top, and there getting away, left it to fink again ; till the prety q 
ure 


Phy fico-mechanical Experiments. 
furt of the air in the receiver, being farther taken off, the air, in the vial, Peeuxarice.. 
was permitted to expand itfelf farther, and create another bubble, by 
which it was again, for a while, carry’d up. And tho’, after having 
empty'’d the receiver as far as we well could, we ceafed from pumping ; 
yet the veflel, continuing more ftanch than ufual, this afcent, and fall of 
the vial were repeated to the ninth time; the included air, by reafon of 
the fmallnefs of the vent at which it muft pafs out, being not able to get 
away, otherwife than by {mall degrees, and, confequently, in feveral fuch 
parcels as were able to conftitute bubbles, each of them big enough to raife 
the vial, and keep it fufpended, till the bubble flew off. Hence it may. 
appear, that a body, lighter than an equal bulk of water, will float in 
that fluid, when the preffure of the atmoiphere is, in very great meafure, 
taken off from the liquor, and the body : tho’ it were worth inquiring, © 
what it is, that fo plentifully concurs to fill the bubbles made, in our ex- 
periment, by the air fo much pe nite | 

In this experiment, as in the former, the external air being let in, foon 
precipitated the floating veffel. And the water which, in the heavier vial, 
fucceeded in the room of thofe forty, or more, great bubbles of air, 
‘taegt at feveral times, got out of it; was of a very inconfiderable 
bulk. 

27. It having been obfery’d, that pendulums vibrate more: flowly, and 4 Pendulum 
that their motion fooner ceafes in a thicker, than m a thinner medium ;7*.00,/"© 
we thought proper to try if a pendulum would move fafter, or vibrate 
longer, in our exhaufted receiver, than out of it. We, therefore, took 
two round polifhed fteel-pendulums, of equal bignefs, each of them weigh- 
ing twenty drams, bating fo many grains. One of thefe we fufpended in 
the cavity of the receiver, by a very flender ftring, about feven inches and 
a half in length, from the cover of the receiver whereto it was faften’d. 
Then we made the pendulum fwing, and, counting the returns of the 
other that hung in the open air, by a ftring of about the fame length, we 
fhorten’d and lengthen’d this, till it appear’d to keep the fame pace with 
that in the receiver. Then, having carefully drawn away the air, we 
again made the pendulum in the receiver, vibrate; and, giving the other 
fuch a motion, as caus’d it to defcribe an arch, apparently equal to that 
ef the included pendulum, we counted the recurfions of both; and we 
reckon’d two and twenty vibrations of the included pendulum, whilft but 
twenty were obferv’d of the other. And at another time, alfo, the for- 
mer was found to have made twenty-one returns, whilft the other made 
but twenty. Yet this experiment feem’d to teach us little, except that the 
difference betwixt the motion of fuch a pendulum, in common air, and in 
a medium exceedingly rarify'd, is fcarce fenfible in veflels no bigger than 
our receiver ; efpecially, fince we could not fuppofe that to be altogether 
free from air. We obferved, alfo, that, when the receiver was full of air, 
the included pendulum continu’d its recurfions about fifteen minutes, be- 
fore it left off fwinging ; and that, after the exfudtion of the air, the vi- 
bration of thefame pendulum appear’d not to laft fenfibly longer. “galls 
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Bellin the ex- fteel clapper, be faften’d to the infide o 


438  Phyfico-mechanical. Experiments. 

Pususcarios. 28, That the air is the medium whereby founds are convey'd to the 
‘Awatch and’2als WAS A current opinion, till fome prntaneads that if a bell, with a 
a tube, upon making the experi- 

ment de vacuo, with it, the bell remaining fufpended in the deferted {pace, 
at the upper. end of the tube ; if a vigorous load-ftone be apply’d on 
the outfide of the glafs, it will attra the clapper ; which, upon the re= 
moval of the load-ftone, falling back, will ftrike againft the bell, and 
thereby produce a very audible found: whence, feveral have concluded, 
not the air, but fome more fubtile body, to be the medium of founds. But 
fufpending a watch, freed from its cafe, in the cavity of our receiver, by 
a packthread ; and then, clofing up the veflel with melted plaifter; we 
liften’d near the fides of it, and plainly heard the balance beat, and ob- 
ferv'd, that the noife feem’d to come direétly in a ftreight line, from the 

- watch to the ear. We found, alfo, a manifeit difference in the noife, by 
holding our ears near the fides of the receiver, and near the cover of it ; 
which feem’d to proceed. from the difference between the glafs, the cover, 
and the cement, thro’ which the found was propagated. But, upon work- 
ing the pump, the found grew gradually fainter ; fo that, when. the re- 
celver was emptied as much as ufual, we could not, by applying our 


baufted receiver. 


£ 


ears to the very fides of it, hear any noife from within; tho’ we could ea- ~ 
fily perceive, that, by the motion of the hand which. mark’d the feconds, © 


and by that of the balance, the watch neither ftood. ftill, nor feem’d ir- 
regular. And, to fatisfy ourfelves farther, that.it was the abfence of the 
air about the. watch, that hinder’d us from hearing it, we let in the ex- 
ternal air at the ftop-cock ; and then, tho’ we turn’d the key, and ftopp’d 
the valve, yet we could plainly hear the noife made by the. balance ; tho’ 


we held our ears, fometimes, at the diftance of two feet from the outfide 


of the receiver. And this experiment, being repeated, fucceeded “after 
the like manner: which feems to prove, that the air is, at leaft, the prin- 
cipal medium of founds. And, by the way, it is very well worth noting, 
that, in a veflel fo exaétly clofed as our receiver, fo weak a pulfation as 
that of the balance of a watch, fhould propagate a motion to the ear, ina 
Atreight line, notwithftanding the interpofition of glafs, fo thick as that of 
our receiver. We, afterwards, took a bell of about two inches in di- 


ameter at the bottom, which was fupported, in the midft of the cavity of 


the receiver, by a bent ftick, preffing with its two ends againft the oppo- 
fite parts of the infide of the veflel; which, being clofed up, we obferved 
the bell to found more dead than in the open air. And yet, when we 
had empty'd the receiver, we could not difcern any. confiderable change in 
the loudnefs of the found: whereby it feem’d, that, tho’ the air be the 
principal medium of found ; yet, either a more fubtile matter may be, alfo, 
a medium of it; or elfe thatan ambient body, that contains but few particles 
of air, is fufficient for that purpofe. Whence, perhaps, in the above-men- 
tion'd experiment, made with the bell and the load-ftone, there might, in 
the defexted part of the sube, remain air enough.to produce a found. 


But 
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But as, in making the experiment of firing gun-powder with 4 piffol in Przumarics: — 
our evacuated receiver, the noife made by the flint, ftriking againft the Ne 
fteel, was exceeding languid, in comparifon of what it would have been _ 
in the open ais: fo, on feveral other occafions, it appear’d, that the 
founds produced there, if they were not loft, feem’d to arrive at the ear 
very much weakned. | 
29. Wehave aliquor which, tho” moft of its ingredients be metals, and 4 fuming liques 
all of them ponderous, is yet of fucha nature, that, whilft the vial where- i reeiver. 
in it is kept, remains ftopp’d, appears tranfparent, as, alfo, the upper 
part of the'glafs, to which the liquor reacheth not ; but as foon as ever the 
ftopple is taken out, and full accefs given to the external air ; both the un- 
der part of the cork, and the liquor itfelf, prefently fend upwards, and 
diffule a fume, as thick and white as if a quantity of alabafter-duft were 
thrown up into the air. And this fmoking of the liquor lafts, till the vial 
be ftopp’d again ; and then the afcent of the fumes fuddenly ceafes. ; 
To a vial of this fuming liquor, we faften’d a weight of lead ; and, 
having ty d to the ftopple one end of a ftring, whilft the other was made 
fait to the cover of the receiver, the liquor was carefully clofed up ; and, 
the air being diligently pump’d out, we unftopp’d the vial. And tho, im- 
mediately upon drawing out the cork, there appear’d fome white fumes, 
which feem’d to proceed from the air being imprifon’d in the vial, and dif- 
fufing itfelf fuddenly into the receiver ; yet we afterwards obferv’d, that 
- the fumes did not mount, and difperfe themfelves, as they ufed to do in 
the open air ; but, afcending to the lip of the vial, they ftopp’d there, and 
ran down along the outfide, and thence along an inclining piece of lead, . 
on which the vial refted, like a little ftream, that quitted not the vial, till 
it was come to the bottom of it, and there forfook it, like a ftream of wa- 
ter of the fame bignefs. ‘Then, letting in fome of the external air, the ftream 
run a-frefh, tho *not altogether fo large: and, after the receiver was fill’d | 
with air, I found, to my furprize, that, tho’ the ftream difappear’d, yet 
no white fumes arofe, either from the cork, or out of the vial; no, not 
when the cover was removed from the receiver: tho’, after a while, there 
afcended white fumes from the receiver. But, having immediately taken out 
the vial into the open air, it emitted white exhalations, as before; and 
having, prefently after, unftopp’d it in an open window, we found both it, 
and the cork, immediately yielded a much more plentiful fmoke; tho” 
it were now feveral years fince this parcel of liquor was prepared. : 
30. Intoone of our {mall receivers, we convey’d a piece of well-lighted Smoke ta vacuoy 
match; and, letting it remain there, till it had fill’d the receiver with | 
{moke, we took it out, and immediately clofed the receiver again, that . 
the {moke might not-get away. Then ftaying, to let thefe fumes leifurely 
fubfide, we found, that, after fome time, they fettled themfelves in. the 
lower half of the receiver, ina darkifh body ; leaving the upper half tranf- 
_ parent, and, as to fight, full only of clear air. And, inclining the veffel. 
that contain'd this fmoke, fometimes to one fide, and fometimes to -the 
other; we obferv’d the fume to keep its furface almoft horizontal, as wa- 
ter, 


~ 


“440 — Phyfico-mechanical Experiments: 
_ Pueymarice.cey, or any other liquor, would have done in the like cafe. And if, by a 
BS sa quicker rocking of the engine, the fmoke were more fwiftly fhaken, it 
would, like water, either vibrate from one fide to the other of the glafs; 
or elfe have its furface manifeftly curl’d, like waves, and preferve itfelf, 
in an entire and diftinct body, from the incumbent air ; and, being per- — 
mitted to reft a while, would foon recover its former fmooth and level 
fuperficies. If, alfo, the key were turn’d, and the valve unftopp’d, fo — 
that there was a free paflage open’d betwixt the external air, and the ca- 
vity of the receiver; then would fome of this {moke fall down, as it were, 
in a ftream, into the fubjacent cylinder; and a proportionate quantity of 
the outward air, would, manifeftly, afcend thro’ it, into the incumbent 
air; after. the fame manner, as, when a vial, with a long neck, fill’d with 
red wine, being inverted into a glafs of fair water, the water and wine, 
by degrees, mix, as it were, in little curl’d ftreams with each other; the 
one falling down, and the other afcending in its place. And if, when the 
fuperficies of our {moke lay fmooth, and horizontal, a hot iron were held 
near the outfide of the receiver; the adjacent part of the included fumes, 
being rarify’d by the heat, would readily afcend in a large pillar of fmoke, 
to the-very top of the receiver; yet, without feeming to lofe its diftin& 
furface, or to be confounded with the air, below which, upon the recefs 
of the adventitious heat, it would again fubfide. 

_ Since, then, there is. fo vaft an inequality in the denfity and weight of 
liquors ; we may confider the atmofphere asa peculiar kind of thin fluid, 
much lighter than fpirit of wine. And as waves appear’d upon the: fur- 
face of our agitated {moke; fome fuch thing may, poffibly, happen on 
the fuperficies of the atmofphere: as may be conjectur’d from thofe ftrange 
inequalities that often appear, efpecially when the air abounds with ex- 
halations and vapours, upon the limb of the fun in its rifing and fetting. 
And if this phenomenon be owing to the refraction, which the fun’s rays 
fuffer in our air; “tis eafy to fuppofe the furface of the atmofphere to be 
often, as we faid, exceedingly curl'd, or wav’d. And, certainly, it is 
furprizing to fee how, thro’ a good tele{cope, there will not only appear 
inequalities in the edge of the fun, which often feems to be indented; but 
thoie inequalities vanifh in one place, and prefently appear in another, and 
feem perfectly to move, like waves fucceeding and deftroying one ano- . 
ther: only their motion frequently feems to be quickeft ; as if, in that 
vait fea, they were carry’d on by a current, or a tide. And this, alfo, 
appears to the eye, when a large, and well defined image of the fun, is, 

) by the telefcope, caft upon white paper. 

The cobefion of 31. It hath been thought ftrange, that, the perfeétly polifh’d furfaces of 

_ polifh’d marbles tye flat pieces of marble being apply’d to each other, they fhould ftick fo 
mm” fat together, that the lower may be raifed, by taking hold of the upper. 
But, as this feems owing to the unequal preflure of the air uponthe un- — 

dermoft ftone, the lower fuperficies of that being freely expofed thereto, — 
and prefs’d upon by it, whilft the upper furface is defended therefrom ; 
which, confequently, prefling the lower ftone againft the upper, hinders~ ~ 
It 
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it from falling ; we therefore conje€tur’d, that two marbles, being exa€tly Pseumarice, 
ground to one another, and together fufpended in our evacuated receiver, SNS 
the lower ftone would fall from the upper: but we could not procure mar- 
bles to be ground fo true, as to fuftain one another in the air for above a 
minute ortwo, which is a much fhorter time, thanis required to empty our 
receiver. We did, indeed, try to make our marbles {tick clofe together, 
by moiftning their furfaces with rectified fpirit of wine ; but to little pur- 
pofe ; for having convey’d into the receiver two black fquare marbles, the 
one with its fide two inches and a third, and fomewhat morethan half an 
inch in thicknefs, the other of equal furface, but not above half fo thick, 
» faftned together by means of that {pirit; and having fufpended the thicker 
by a ftring from the cover, we found not, that the exfuction. of the air 
would feparate them, tho’ a weight of four ounces were faften’d to the 
lower, to facilitate its falling. 

I would‘gladly have the experiment try’d with marbles, fo well polifh’d, 

as toneed no liquor to make them cohere, and ina veflel, out of which, 
the air may be more perfeétly drawn, than it was out of ours. But, tho’ 
we will not determine, whether the fpirit of wine contributed to the ftrong 
cohefion of thefe ftones, otherwife than by keeping the fubtileft parts of 
the air from getting in between them; yet it feem’d, that the reafon, 
why the lower marble fell not, was, probably, becaufe of the preffure of 
the air remaining in the receiver; which, as we formerly noted, being 
able to fuftain a cylinder of water, of above a foot in height, may be fup- 
pofed capable of keeping fo broad a marble from defcending. And, tho’ 
this may feem a ftrange proof of the ftrength of the fpring of the-air, e- 
ven when rarified ; yet it will {carce appear incredible to him, who hath ob- 
ferv'd, how exceeding ftrong a cohefion may be made, betwixt broad bo-. 
dies, only by immediate contaét. A notable inftance of this, is given 
us by the learned Zucchius, who tells us, that “‘ a young fellow, bragging 
** of his ftrength, fome body fet him to pull at the ring in the middle of a 
“ brafs-plate, that lay upon a polifh’d marble, whereto, it was exactly 
** ground : thishe thought a trivial matter ; but after his utmoft endeavour, 
** found it impoffible to feparate them by direét pulling; which made him 
** imagine they were faftned together, by means of fome vehement ftrong 
** glew, till he fawthe plate, afterwards lifted by another, who, firft flipt it 
** along the marble “. 

33. Our receiver being exquifitely clos’d, andthe air, in a good meafure, 4m ered? pref- 
drawn out, we removd it from the pump, and to the lower branch of the uve 
ftop-cock, {peedily apply’d a tapering valve of brafs, made fit to go with Fe: 37. 
itsnarrower end into the cavity of the branch, and to fill the orifice of that 
cavity with its broader part. And, that the air might not get in at the lit- 
tle intervals, between the convex furface of the ftopple, and the internal 

edge of the branch, they were ftop’d with diachylon. And, to the door 
‘of the valve, there was, ata button of brafs, faften’d a broad{cale, wherein 
weights were to be put. ‘This done, the key of the ftop-cock was turn’d, . 
and the external air beating like a forcible ftream upon the valve to get in 
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Purvmaricsthere, it fuddenly fhut the valve, and kept it foclofe, that we had time 
to caft in feveral weights, one after another, into the fcale, till at length, the 
weight overpowering the preflure of the atmofphere, drew down the 
valve by the ftrings that ty’d the fcale to it, and gave liberty to the outward 
air to rufhinto the receiver. ‘Tho’, another time, when the valve had but 
little weight hanging to it, being, by accident, drawn down beneath its for- 
mer place, it was, by the impetuous current of the external air, fuddenly 
impell’d up intoitagain, and kept there. But, in the former experiment, tho’ 
the receiver were not well exhaufted; tho’ it leak’d, whilft the reft of the 
experiment was in hand; and tho’ the valve, whereon the cylinder of the 
atmofphere could prefs, were not above aninch anda half in diameter; yet 

_ the whole weight, fupported by the air, amounted to about ten pounds, of * 
fixteen ounces each: fo that, had the experiment been made with favoura- 
ble circumftances, the air endeavouring to prefs in, at the orifice of the 
ftop-cock, would very probably have kept a much greater weight from 
falling out of it. 

The prefere of “33, But our pump, alone, may afford usa nobler inftance of the force of 

the atmofphere : . . ) 

computed. the air; fothat, by means of this part of our engine, we may conjecture at 
the ftrength of the atmofphere, computed as a weight. For, firft, the fucker, 
brought to move eafily up and down the cylinder, being impell’d to 
the top of it, and the receiver taken off from the pump, that t he upper o- 
rifice of the cylinder remaining open, the air may freely fucceed the fucker, 
and, therefore, readily yield to its motion downwards; and there being 
faften’d to one of the iron teeth of the fucker, fuch a weight, as may juft 
fuffice todraw it to the bottom of the cylinder ; we may hence find the weight 
neceflary to draw down the fucker: and whenthe atmofphere makes the 
ordinary refiftance againft its defcent, the fucker being again fore’d to 
the top of the cylinder, whofe upper orifice muft now be exa¢tly clos’d; 
we may eafily, by hanging a fcale to the above-mention’d iron, that 
makes part of the fucker, caft in known weights, till the fucker be drawn 
down ; then, to thefe weights in the fcale, that of the fcale itfelf being 
added, the {um will give us the weight of a column of air, equal in dia- 
meter to the fucker, or tothe cavity of che cylinder, and, in length, to the 
height of the atmofphere. | 

According to this method, we attempted to meafure the preflure of the . 
atmofphere, but found it more difficult, than we expected, to perform it 
accurately; for tho’, by the help of the handle, the fucker movd up and 
down with great facility; yet, when it came to be movd by a dead 
weight, we found, that the little inequalities, and, perhaps, the unequal 
preflure of the leather againft the cavity of the cylinder, now and then 
ftop’d the defcent or afcent of the fucker; tho’ a very little external help, 
would eafily furmount that impediment. We found then, that a weight of 
twenty-eight pounds, being faften’d to one of the teeth of the fucker, — 
drew it down clofe,when the upper orifice of the cylinder was left open ; but, 
by the help of oil, and water, and the frequent working of the fucker 
with the handle, its motion in the cylinder had been before purpofely a | 

cilitate 
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cilitated, Then the upper orifice of the cylinder was very carefully ftop’d ; Preuas tres. 
the valve being likewife fhut, with its ftopple well oiled, after the fucker , 
had been’ again impell’d up to the top of the cylinder. To the former 
weight we now added a hundred and twelve pounds, which forcing down 
the fucker, though but leifurely, we took off the 28 pound weight, and: 
hung on, inftead of it, fourteen pound; but found that, with the reft, un- 
able to carry downthe fucker. And to fatisfy ourfelves it was the refi- 
ftance of the ambient air, that hinder’d the defcent of fo great a weight; af- 
ter we had try’d, that upon unftopping the valve, and thereby opening an 
acce{s to the external air, the fucker would be immediately drawn down, 
| having forcibly deprefs’d the fucker, to the bottom of the cylinder, and 
then faften’d weights to the iron, the preffure of the external air, finding 
little refiftance, in the cavity of the cylinder, prefently began to impel the 
fucker, with the weights that clogg’d it, towards the upper part of 
the cylinder, till fome fuch accidental impediment, as we formerly men- 
tion’d, check’d its courfe ; and when that was remov’d, it would continue 
its afcent to the top. And tho’, poffibly, there might remain fome parti- 
cles of air in the cylinder, after the fucker was drawn down; yet the 
preflure of a cylinder of the atmofphere, fomewhat lefs than three in- 
ches in diameter, uncomprefs’d, not only fuftain’d, but drove up a weight a 
_ of a hundred and odd pounds: for, befides the weight of the whole fuc- | 
ker itfelf, which amounts to fome pounds, the weights annex’d to it, made 
up a hundred and five pounds; yet all this falls fhort of the weight juft 
faid to be fufpended, by the refiftance of the air, in the cavity of the cylin- 
der. This experiment was made in the winter, the weather neither frofty 
nor rainy, about the change of the moon ; and at a place whofe latitude 
is about 51 degrees and a half: for, perhaps, the force, or preflure of the 
air, may vary, according to the feafons of the year, the temperature of 
the weather, the elevation of the pole, or the phafes of the moon; any of 
them feeming able to alter either the height, or confiftence of the atmo- 
{phere. And therefore, it would not be amifs, if this experiment were 
tryd carefully, at feveral times and places, with variety of circumftances. e | 
It might, alfo, be try’d with cylinders of feveral diameters, exquifitely 
fitted with fuckers ; that we might know what propoption feveral pillars 
of the atmofphere, bear to the weight they are able to fuftain, or lift up ; 
and confequently, whether the increafe, or decreafe of the refiftance of 
the ambient air, can be reduced to any regular proportion, to the diame- 
ter of the fuckers. ‘Thefe, and other experiments, which may be made 
with this cylinder, might, moft of them, be more exaétly try'd by the Zor- 
ricellian tube ; if glafs.could be blown, and drawn perfe¢tly cylindrical. 
Here we may obferve, that as many other. phenomena of our engine, etic f 
fo efpecially the two laft experiments, feem to fhew the nature, or caufe” 
of fuction. It’s true, indeed, in fucking, we commonly ufe fome mani- 
feft endeavour, by a peculiar motion of our mouths, chefts, Oc. yet it 
appears not how the upper-part of the emptied cylinder, that remains at 
reft all the while, or any part of it, endeavours to draw the deprefs‘d 
| Lll2 } fucker, 
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Bxzvmarics. fucker, and the annex’d weights to it; tho’ fuch as behold the afcent 
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of the fucker, without confidering the caufe of it, readily conclude it to be 
rais'd by fome fecret thing, that powerfully fucks or attracts it. Whence 
it feems not abfolutely neceflary to fuction, that there be in the body, 
which is faid to fuck, anendeavour, or motion in order thereto; but ra- 
ther that fu€tion may be reduced to trufion, and its effects afcribed to a 
preffure of the neighbouring air, upon the bodies contiguous to that which 
is faid to attra@t them. ‘To objeéct here, that fome particles of air, re- 
maining in the emptied cylinder, attracted this weight, to obviate a va- 
cuum, is to no purpofe ;unlefs it can clearly be made out, by what grap- 
pling inftruments the external air could take hold of the fucker ; how fo — 
little of it obtain’d the force to raife fo great a weight ; and why, upon 
letting a little more air into one of our evacuated veflels, the attraction 
is much weakned. For that ftill there remain’d in the exhaufted cylinder 
many little empty fpaces, may appear by the great violence wherewith 
the air rufheth in, if it be permitted to enter. In the next place, thefe 
experiments may teach us, what to judge of the vulgar axiom, That na- 
ture utterly abhors a vacuum; fo that no human power is able to make one 
in the univerfe. For, if by a vacuum we underftand a place perfectly free 
from all corporeal fubftance, it may be plaufibly maintain’d, that there is 
no fuch thing in the world. But the generality of the plenifts take not the 
word in fo ftri&t a fenfe. For when they alledge, that by fucking water 
thro’ a long pipe, the liquor, contrary to its nature, afcends into the mouth, 
only to fill up that fpace, made by the dilatation of the breaft and lungs, 
which would, otherwife, in part, be empty ; and when they tell us, 
that the reafon why in a gardener’s watering-pot, conically fhaped, and 
filled with water, none falls thro’ the numerous holes at the bottom, 
whilft the orifice at the top, is clos’d ; muft be, that if, in cafe the 
water fhould defcend, the air being unable to fucceed it, there would: be 
left a vacuum atthe upper part of the veffel, they feemto mean bya 
vacuum, any fpace here below, that is not fill’d witha vifible body, or, at 
leaft, with air, tho’ it be not quite deftitute of all bodies whatfoever. 

Taking then, a vacuum in this vulgar and obvious fénfe, the common 
opinion about it feems liable to feveral exceptions, whereof fome of the 
chief are fuggefted by our engine. 

It feems unintelligible, how hatred, or averfion, which is a paffion of 
the foul, can either for a vacuum, or any other object, be fuppofed in: 
water, or any inanimate body, which cannot be prefum'd to know whea 
a vacuum would enfue, if they did not attempt to prevent it ; nor to 
act contrary to what is moft conducive to their own particular preferva- 
tion, for the good of the univerfe. ‘The meaning, therefore, of this meta- 
phorical expreffion feems to be, that by the wife author of nature, the 
univerfe, and the parts of it, are fo contriv’d, that it isas hardto make — 
a vacuum init, as if they ftudioufly confpired to prevent it. 

But our experiments teach, that this fuppofed averfion of nature to a_ 
vacuum, is merely accidental, or confequent upon the weight, fluidity, or 
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fluxility of the bodies here below ; and, perhaps, principally of the fpring? *"suxaziee - 
of the air, whofe conftant endeavour to expand every way, makes NOH y 1 lt 

jt either rufh, or compel the interpofed bodies, into all fpaces where it - a 
finds no greater refiftance than it can furmount ; and fhew, that the pow- 
er, exercifed by nature, to avoid, or replenifh a vacuum, is limited, and 
may be determined even to pounds and ounces | 

And the experiment we are now upon, affords us a notable proof of the 
unheeded ftrength of the preflure fuftain’d by the free air, which we pre- 
fume to be uncomprefs’d: for hence we fee, that even in our climate, 
and without any other compreffion than what is natural, or ordinary, it 
bears fo ftrongly upon contiguous bodies, that a cylinder of it, not exceed- 
ing three inches in diameter, is able to raife, and carry up a weight, a- 
mounting to between fixteen and feventeen hundred ounces. In more nor- | 
thern countries, the air may be much thicker, and able to fupport a 
ereater weight; fince the Hollanders, who were forced to winter in Nova 
Zembla, found the air there fo condens’d, that they could not make their 
clock go, by a very great addition to the weights that ufed to move it. | 

34. We tooka dry bladder, ftrongly ty’d at the neck, and about half 3 
filled with air, and faftening it to one part of a very exact balance, we 

_ put a metalline counterpoife into the oppofite fcale ; and fo the two weights 
being brought to an equilibrium, the balance was convey’d. into the recel- Bodies ‘of dif 

-ver, and fufpended from the cover of it: when we obferv’d, that prefently "7% Jbatiearer 
after laying on the cover, the bladder appear'd to prepofderate ; where-equilibrinm in. 
upon the feales being taken out, and reduced very near to an equilibrium, ““"* 
yet fo, that a little advantage remain’d on that fide to which the metalline 
weight belong’d; they were again let down into the receiver, which was . 
prefently clofed. Soon after this, before the pump was work’d, the 4 
bladder feem’d again a little to preponderate; and the air in the olafs 3 | 

beginning to be drawn out, the bladder expanded itfelf, and greatly rai- 
fed the oppofite weight, by drawing down the {cale to which it was faften’d, 
efpecially when the air had fwell’d it to its full extent. This done, we, 
very leifurely let in the external air, and obferv’d that, upon the flagging 
of the bladder, the fcale whereto it was faften’d, not only, by degrees, 
return’d to an equilibrium with the other ; but, at length, was a little out- 
weigh’d by it; tho’ the bladder, after a while, began. again. to preponde- 
rate, and, by degrees, to fink lower for feveral hours : wherefore, leaving 


the veffel clofed up all night, we, next morning, found the bladder fallen 
* “All the parts of fpace,” fays Sir Ifaac , “ fpecifically heavier than it. But, if a 
Newton, “© are not equally full; for if they: | ‘* quantity of: matter may, by rarifa- 
ss were, the fpecific gravity of the fluid, Gion, he diminifh’d in a given-fpace; 
“ which would fill the region of the air, | “ why may it not diminifh iz infinitum 2 
“ could not, by reafon of the exceeding “ ¥f ‘all the folid particles of bodies, 
« oreat denfity of its matter, give way to | ‘* are. of the fame denfity, that:is, have 
_ & the fpecific gravity ofquick-filver, gold, | “ their vires: inerti¢ as their: magnitudes, 
fo 3 ° é¢ 1 7 9 
a or anpbndy how denfe fore; whenes | snd canot be raried, wie ins 
“© defcend in the air. For no bo ies can Princip. D 368. : | 
“ defcend in a fluid, unlefs they be 5 
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Panewariet. vet lower? as if the very fubftance of it, had imdibed fome of the moifture_ 
“ wherewith the air then abounded ; as the firings of mufical inftruments, 


The afcent of 
liquors in fi- 
phons, and fil- 
tres, whence. 


Fig. 38. 


are known to {well fo much in rainy weather, asto break. This conjec- 
ture is the more to be regarded, becaufe having a little warm’d the 
bladder, we found it lighter than the oppofite weight. And, without re- 


moving the feales, or the cover of the receiver, we again caus’d the air 


to be drawn out ; the weather continuing very moift; but found not any 
manifeft alteration in the balance. | 

But to make the experiment with a body, lefs apt to be alter’d by the 
temperature of the air, thana bladder, we brought the {cales again to 
an equilibrium with two weights, the one lead, and the other cork. And, 
having exhaufted the receiver, obferv’d, that both upon the exfuétion, 
and after the return of the air, the cork manifeftly preponderated : and 
much more, a while after'the air had been let in again, than whilft it was 
kept out. Wherefore, for the cork; we fubftituted a piece of charcoal, as 
lefs likely to imbibe any moifture fromthe air ; but the event proved much 
the fame ; fo that this experiment feems very liable to cafualties. 

35. The true caufe of the afcent of liquors, in fiphons and filtres, re- 


inaining unknown ; we were defirous to try whether the preflure of the. 


air might reafonably be fuppofed to have any confiderable fhare in it. 
But, becaufe we could not fo far evacuate our receiver, but the remain- 
ing air would impel the water to a greater height than is ufual in filtra- 
tions ; inftead of a lift of cotton, or the like filtre, we made ufe of a fi- 
phon of glafs, confifting of three pieces, two ftrait, and the third crooked, 
to join them together; whofe junétures were carefully clofed, that no air 
might find entrance at them: one of the legs of this fiphon was fome- 
what longer than the other, and pervious at the bottom of it, only by a 
hole almoft_as flender as a hair, that the water might drop very gently 
out of it. The fhorter leg of the fiphon was quite open at the end, and 
of the fame diameter with the reft of the pipe; that is, about a fourth of 
an inch. The whole fiphon was defign’d to be about a foot and a half 
long, that the remaining air, when the veffel was exhaufted, might not 
impel the water to the top of it: then the fiphon, being inverted, was 
fill’d with water, and the fhorter leg let down, two: or three inches, 


into a glafs-veffel ; whilft the upper part remain’d faften’d to the infide of - 


the cover of the receiver. 

And, till a confiderable quantity of the air had been evacuated, the water 
dropp’d freely out at the lower end of the lower Jeg of the fiphon ; as if 
the experiment had been made in the free air: but, afterwards, the 
bubbles began to appear in the water; and, afcending ‘to the top of the 
fiphon, run into one, which was gradually augmented bythe rifing of other 
bubbles, that, from time to time, broke into it, but much more by its 
own dilatation, which increafed, proportionably, as the receiver was eva- 
cuated fo that, atlength, the water, in the fhorter leg, was reduced, by 
the extraction of the ambient air, and the expanfion of the great bubble, 
at the upper part of the fiphon, to the height only of a foot ; whence, St | 

courfe 
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eourfe of the water, in the fiphon, was interrupted, and that which re- Pseumarice. 
main’‘d in the longer leg of it, continued fufpended there, without drop- . 
ping any longer. But, upon turning the ftop-cock, the external air got 
into the fiphon, by the little hole at which the water formerly dropp’d 
out: and, traverfing all the incumbent cylinder of water, in the form of 
bubbles, join’d itfelf with that air which before poffefled the top of the 
fiphon. 

Te. revent the inconveniences arifing from thefe bubbles, two glafs- 
pipes, ke the former, were fo placed, as to terminate together in the midft Fig. 39. 
a the belly of a glafs-vial, into whofe neck they were cemented; and 
then both the vial, and the pipes, being filled with water, the fiphon was. 
placed with its fhorter leg in the glafs of water, as before ; and the expe- 
riment being profecuted after the fame manner, much more air was now 
drawn out before the bubbles caufed any difturbance ; becaufe there was 
room enough in the vial for them to ftretch, without depreffing the water 
below the ends of the pipes ; and during this time, the water continued to 
drop out of the lower leg of the fiphon. But, at length, the receiver being 
very much emptied, the water ceafed to run thro’ the fiphon ; the upper 
ends of the pipes beginning to appear above the remaining water in the 
vial, the dilated air wherein, feem’d likewife to prefs down the water in 
a and fill the upper part of them. 

ence, the experiment being interrupted, we let in the air again, 
which, according to its various proportions of preffure, to that of the air 
in the vial, and the pipes, exhibited a pleafing variety of phenomena. And 
upon the whole, there feem’d little caufe to doubt, if the bubbles had. 
not difturb’d the experiment, that the courfe of water, thro’ fiphons, 

_ would have appear'd to depend upon the preflure of the air. 

An eminent mathematician lately told me, fome French gentlemen had ia aot a 
obferv’d, that, if one end of a flender open pipe of glafs, be dipp’d in wa-“""77 
‘ter, the liquor will afcend to fome height in the pipe, tho” held perpendi- 
cular to the plain of the water; and, foon after, brought me two or three 
{mall pipes of glafs, which gave me the opportunity of trying it: tho’ I 
had often before, in the long and flender tubes of fome weather-glafles,, 
made after a peculiar manner, taken notice of the like afcent of li- 
quors ; but, prefuming it to be cafual, I made little reflection upon it. 

But, after this trial, {uppofing that tho’ the water, in thefe pipes, refe not 
above a quarter of an inch; yet, if the tubes were flender enough, it might 
afcend toa much greater height; I caufed feveral of them to be dextroufly 
drawn at the flame of alamp, in one of which, that was almoft incredibly 
flender, we found, the water afcended five inches, tho’ the pipe were: 
held erect: but, if it were inclined, the water would fill. a greater part. 
thereof. We alfo found, that, when the infide of the pipe was wetted — 

_ before-hand, the water would rife much better than otherwife. And fome: 
_ of thefe flender pipes, being bent, like fiphons, we immers’d the fhorter 
leg of one in a chats of fair water; and found, that the water, rifing to 
the top of the fiphon, of itfelf, ran down the longer leg, and continued 
run= 
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Preumarics.yunning, like an ordinary fiphon. The caufe of this afcent of the water, 
es appears very difficult to difcover*. We try’d, indeed, by conveying a 

very flender pipe, and a fmall veflel of water, into our engine, whether 
the exfuction of the ambient air would affift us herein; but, tho’? we em-_ 
ploy’d red wine, inftead of water, yet we could fcarce certainly perceive, © 
thorough fo much glafs as was interpofed betwixt our eyes and the li- 
quor, what happen’d in a pipe fo flender, that the rednefs of the wine 
was {carce vifible in it. But, as far as we could difcern, there happen’d 
no great alteration to the liquor ; which feem’d the lefs ftrange, becaufe 
the {pring of that air, which might deprefs the water. in the pipe, was 
equally debilitated with that which remain‘d to prefs upon the furface of 
the water in the little glafs. Wherefore, in favour of that conjecture, which 
- afcribes this phenomenon to the greater preflure upon the water by the air, 
without the pipe, than by that within, it was fhewn, that, in cafe’ the 
little glafs-veflel of water were foclofed, that the air might, by the mouth, 
be fuck’d out of it, the water would immediately fubfide in the {mall 
pipe. Hence, we might infer, that it afcended before, by the pref- 
fure of the incumbent air;. only it may be objected, that this, perhaps, 
would not happen, were the upper end of the pipe in a vacuum ; as alfo, 
that, “tis very probable, the water may fubfide, not becaufe the preffure 
of the internal air is taken off by fuétion, but becaufe the fpring of the 
external air impels the water in its way to’ the cavity, deferted by the 
other air; and would as well impel the fame water upwards, as make it 
fubfide, were it not for the accidental pofture of the glafles. *Iwere here, 
likewife, proper to inquire, why the furface of water, in pipes, fhould 
be concave; and, on the contrary, that of quick-filver, convex ; and why, 
if the end of a flender pipe be dipp’d in the latter, the furface of that 
fluid will be lower within the pipe, than without. 
B parcel of air 36. Wecaufed a glafs-bubble to be blown at the flame of a lamp, about 
weigh'd, the fize of a fmall hen-egg, and of an oval form only, at one end, there 


* This phenomenon, the fufpenfion of 
water in capillary tubes, is, with great fa- 
gacity, accounted for by Dr. Furin; who 
proves it owing to the attraGion of the 
upper periphery, or feétion, of the con- 
cave fuperficies of the tube; that is, a 
{mall furface, or annulus, whofe bafe is 
that periphery, and height the diftance, 
whereto the attrafive power of the glafs 
extends. For the gravity of the water 
that enters the orifice of the tube, upon 
its immerfion, being immediately taken 
off, by the attraétion of the annulus, 
wherewith its upper furface is in conta&, 
the water muft neceflarily rife higher, by 
reafon of the preflure of the ftagnant flu- 
id, and the attra&ion of the periphery 
immediately above that whereto the up- 


per furface of the water is already conti- 
guous. The confideration of this pheno- 
menon, and the experiments made with 
relation to it, both in water and quick- 
filver ; thofe made with the. latter, - 
proving exadtly the reverfe of the for- 
mer ; led the Do&or to clear the whole 
matter, by fhewing, that the particles 
of water attra& each other; that the 
particles of quick-filver attra& each o- 
ther ; that water is. attrafted by glafs ; 
that quick-filver is attra&ed by glafs ; 
that the particles of water are more 


> 


another; and, laftly, that the particles of — 


qui k-filver are more ftrongly atrra&ted by © 


ftrongly attra&ed by glafs, than by ote 


each other, than by glafs. See all thefe 


proved in the Ph.lo/. Zran/. N °'355. p. 7396 4 
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was drawn out an exceeding flender pipe, that the bubble might be feal’d 
up, with as little rarifaction, of the air included in the great cavity, as pof- 
fible. ‘This glafs, being feal’d, was faften’d to one of the {cales of an 
exact balance ; and, being counterpois’d with a weight of lead, was con- 
vey d into the receiver, and clofed up in it. ‘The beam appearing to con~ 
tinue horizontal, the pump was fet on work; and, after two or three 
exfuctions, the balance inclined to that fide on which the bubble hung ; 
which, as the air was farther drawn out, preponderated more manifeftly : 
at length, the air being gradually let in again, the {cales, by degrees, re- 
turn’d to an equilibrium. Then we took them out, and cafting into that 
{cale, to which the lead belong’d, three fourths of a grain, we again placed, 
them in the receiver ; which, being clofed and exhaufted as before, as the 
air was drawn out, fo the glafs-bubble came nearer to an equilibrium 
with the other weight, till the beam ftood horizontal: which, by another 
trial, we could not bring it todo, when one fourth of a grain more was 
added to the fcale whereto the lead belong’d. Tho’, without doubt, if 
we could have perfectly evacuated the receiver, the air included in the 
bubble, would have weigh’d above a grain; tho’ it were fomewhat rari- 
fy'd by the flame wherewith the bubble was feal’d. And, upon the re- 
turn of the excluded air, the lead, and the weight caft into the fame 
{cale, did again very much preponderate. 

We, likewife, convey’d into the receiver, the fame bubble, open’d at 
the end of the flender pipe above-mention’d ; but, having drawn out the 
air as ufual, we found not, as before, the bubble to out-weigh the oppo- 
fite lead: fo that by the help of our engine, we can weigh the air, as we 
weigh other bodies, in its natural or ordinary confiftence, without condenfing 
it. Nay, having convey’d a lamb’s bladder, half full of air, into the 
receiver, we obferv'd, thattho’ upon working the pump the imprifon’d air 
expanded, till it feem'd ready to burft the bladder ; yet this rarified air, 
manifeftly depreffed the {cale whereto it was annexed. 
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And, having once caus’d the pump to be obftinately ply’d, in repeating wheber glafsbe 
the former experiment, the imprifon’d air broke the containing glafs-bub- 20% # 4" 


ble, and threw the greateft part of it againft the fide of the receiver, 
whereby “twas fhatter’d into a multitude of pieces. Hence we may dif- 
cern, of how clofe a texture glafs is, fince fo very thin a film of it, as this 
bubble was, prov’d fo impervious to the air, that it could not get away 
thro’ the pores, but was forced to break the gla{fs in pieces, to free itfelf 3 
and this, notwithftanding the time, and advantage it had, to force thro’ the 
pores. This I mention, that our experiments may receive no prejudice 


from-one I happen’d to make long fince ; which might be drawn to coun- 


_ tenance their opinion, who would perfuade us that glafs is pervious to air, 
_ properly fo call'd : for, in diftilling a certain fubftance, greatly abounding 


_ with fubtile fpirits, and a volatile falt, in a ftrong earthen veflel, of an un= _ 


_ ufual fhape, to which was luted a large receiver of green glafs; the fire 
was, b hectitane. fo exceffively increas’d, that we found the {pirituous 
ind faline corpufcles, thrown over fo hot, and in fuch plenty, into the re- 
‘Vow Il. Mmm ceiver 
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PuruMAric® ceiver, as to render it all opake, and likely to fly in pieces. We ventur’d, — 
, ” however, to approach it, and obferv’d, on the outfide thereof, at ‘a great 
diftance from the juncture, there was fettled a round, whitifh fpot, or 
two, which, at firft, we thought might be fome ftain upon the glafs ; but 
after finding it, in feveral qualities, like the oil and falt of the concrete 
diftill’d, we fufpected, that the moft fubtile, and fugitive parts of the 
impetuous fteams, had penetrated the fubftance of the glafs, and, by the 
cold of the ambient air, were condenfed on the furface of it. And, indeed, 
upon examining the whole matter, a number of us unanimoufly conclu- ~ 
ded, thatthe fubtile parts of the diftilf'd matter, being violently agi- 
tated by the exceflive heat, had pafs'd through the pores of the glafs 
made wide by the fame heat. But this having never happen’d, more than — 
once, in any of the diftillations we have either made, or feen, it is much 
more reafonable to fuppofe, that the pervioufnefs of our receiver, to a 
body much more fubtile than air, proceeded from the loofer texture of 
that particular parcel of metal, the receiver was made of; for all glafs 
is not equally compact, and folid; and from the prodigious heat, which, 
together with the vehement agitation of the fubtile fpirits, open’d the pores 
of the glafs ; than to imagine, that fuch a fubftance as air, fhould be able 
to permeate the body of glafs, contrary to the teftimony of a thoufand 
chymical and mechanical experiments 5 and, of many made in our en- — 
ine. : 
The penetrating And, the following:experiment feems to’teach, that. tho’ air, when fuf- — 
Bsc cs ficiently comprefs’d, may, perhaps, get entratice into fmaller cavities, than 
that, of water, Water ; yet, unlels the air be forc’din, it will not pafs them, whilf they 
may admit of water. I took a glafs fiphon, the lower end of whofe lon- 
geft leg was drawn fo flender, that the orifice, at which the water was 
to fall out, would hardly admit a very fmall pin. This fiphon being in- 
verted, we fo order’d it, that a little bubble of air was intercepted. in the 
flendereft part, betwixt the little orifice, juft mention’d, and the incum- 
bent water; whence the air, being not to be forced thro’ fo.narrow a paf- 
fage, by fo light acylinder of water, as refted upon it, hinder’d the far- 
ther efflux of the water, as long as we let it ftay in.that. narrow place : 
but when, by blowing a little at the wider end of the fiphon, that {mall 
parcel of air was fore’d out, with fome water; the remaining water that. 
before continued fufpended, began freely to drop down again, as before: 
find a glafs pipe, either in the form ofa fiphon, or otherwife, half an 
inch in diameter, but at one end fo flender, as to terminate in an orifice 
almoft as fmall as a horfe-hair, be fil'd with water, it will drop down 
freely thorough the flender extremity. But if the pipe be inverted, the 
air will net eafily get in at the {mall hole, thro’ which the water pafs’d. 
For, in the fharp end of the pipe, fome inches of water will remain fuf- 
pended; which, probably, would not happen, if the air could-get in to 
fucceed it ; fince, if the orifice were a little wider, the water would imme- _ 
diately fubfide. And tho’ when the pipe is many inches long, a great 
part of the water will xun down at the wider orifice ; yet that feems k 
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to happen for fome other reafon, than becaufe the air fucteeds it at the Pxevmarice 
upper and narrow one ; fince all the flender part of the pipe, and, perhaps, “V4 
fome inches more, will continue full of water. 

And, tho’ we have formerly fhewn, that the aerial corpufcles cannot 
pafs thro’ the pores of a lamb’s bladder; * yet, particles of water will; as 
may eafily be try’d, by very clofely tying a little alkaline falt in a fine blad- 
der, and dipping its lower end in water: for, if ic be held there for a 
competent time, there will ftrain thro’ the pores of the bladder, water e- 
nough to diffolve the falt into a liquor. 
But, to return to our bubble; we endeavour’d to meafure its capacity 
by filling it with water, to find how much water anfwer’d, in weight, to + of 
a grain of air; but all the diligence we ufed to preferve fo brittle a velflel, 
could not prevent its breaking, before we had gain’d our point. 
But, there occurs a problem, upon occafion of the flow break- ; 
ing of the glafs bubble in our evacuated receiver. For, it might feem 
ftrange, fince the air, as we have feen, expands itfelf by its own internal 
{pring, twice as much as Mer/ennus was able to rarify it by a red-hot zoli- 
‘pile ; that yet, the {pring of the air was fcarce able to break a very thin glafs 
bubble ; and utterly unable to break one fomewhat thicker, within whofe ca- 
_Vity it was imprifon’d ; whereas, air pen’d up, and agitated, is able to per- 
form effects fo much more confiderable, that the learned jefuit Cabeus tells 
us, he faw a vaft ftrong marble pillar quite broken off in the middie, by 
the heat proceeding from wood, which happen’d to be burnt juft by 
it; which fo rarified fome air or {pirituous matter fhut up in the cavities of 
the marble, that it burft thro’ the folid body of the ftone by the force of 
expanfion. But, probably, the reafon why the included air did not break 
the feal’d bubbles, in our exhaufted receiver, was, that being fome- : i 
what rarified by the lame employ’d to feal the glafs, its {pring upon the re- : 
cefs of the heat grew weaker than before. Yet, this will not, alone, ferve 
the turn, becaufe, much fmaller glafs bubbles, exaétly clos’d, will by the 
included air be made to fly in pieces. a 
We took an zolipile of copper, weighing fix ounces, five drams, and for-'z;, Proborivex off 
ty-eight grains; and being made hot, we remov’d it fromthe fire, and #e big ht of \ 
immediately ftop’d it with hard wax, that no air might get in at its orifice. a “e 4 
Then the zolipile, being fuffer’d leifurely to cool, twas again weigh’d, to- 
gether with the wax, and found to be fix ounces, fix dyams, and thirty- 
nine grains. Laftly, the wax being perforated, without taking any of it 
out of the feale, the external air was fuffer’d to rufh in; and then the go~ 


* M. Homberg is of opinion, that water , that the air, for want of a wetting pro- 
enters fuch narrow pores of animal fub- ] perty, cannot do. As a proof of this a 
ftances, as will not admit the air, only | do&trine, he fill’d a bladder with air, and are 
becaufe it moiftens and diffolves the gluti- | comprefs’d it with a ftone, and found no a 
hous matter of the fine fibres of the mem- | air to come out ; but, placing the bladw* 
branes, and alfo renders them more plia- | der, thus comprefs'd,in water. thatdir ea- 
ble and diftra@ile; which are things, fily efcaped, Hift. del’ Acad, A. 1460, Pe 17s 
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Preumarieslinile, and wax, being again weigh’d, amounted to fix ounces, fix drams, 
and fifty grains. So that the zolipile, freed as far as our fire could free 
it, from its air, weigh’d lefs than when replenifh’d with air, full eleven 
grains ; that is, the air containable within the cavity of the zolipile, a- 
mounted to eleven grains, and fomewhat more. And, by the way, if there 
be no miftake in the obfervation of Merfenuus, it may feem ftrange that 
it fhould fo much differ from two or three of ours; in none of which we 
could rarify the air in an zolipile, though made red-hot, almoit all. 
over, and immediately plung’d into cold water, to half that degree which 
he mentions, v7z. feventy times its natural extent ; unlefs the zolipile, he 
employ’d, was able to fuftain a more vehement heat than ours *. 

This way of weighing the air, by the help of an zolipile, feems fome- 
what more exact, than that which Merfennus ufed, becaufe we weigh’d 
not the zolipile till it was cold ; whereas he weigh’d it red-hot, whereby 
it is fubject to lofe of its weight in cooling : for, copper heated red-hot, 
throws off, in the cooling, little thin {cales in fuch plenty, that, having pur- 
pofely watch’d a copper xolipile, during its refrigeration, we have feen 

7 the place round about it, almoft cover’d with them every way. Perhaps, 

too, the zolipile, in cooling, may not receive fome little increafe of weight, 

either from the vapid, or faline fteams that float inthe air. We employ’d, 
to weigh our zolipile, both when fill’d with air, and when replenifh’d with 
water, a pair of fcales that would turn with the fourth part of a grain. 

As tothe proportion of weight betwixt air and water, fome learned men 

have attempted to fettle it, by ways fo inaccurate, that they feem to have 

been much miftaken. Ricciolus having purpofely endeavour'd to difcover this 
proportion, by means of a thin bladder, eftimates the weight of the air, to 

that of the water, as about 1 to 10,000 ; and, indeed, having once weigh’d a 

large bladder, full of air, and found it to contain 14 grains ; the fame blad- 

der, afterwards fillf'd with water, contain’d near 14 pounds; whence the 
proportion of air to water, feem’d, almoft, as a grain to a pound, that is, as 

1 to above 7600. On the other hand, Galileo makes the air to water, as 

1 to 400. Butour way of weighing the air byan zolipile, feems, by much, 

the more exaét. And, according to our obfervations, the water it contain’d, 

amounting to 21 ounces anda half; and as much air as was requifite to fill 
it, weighing eleven grains ; the proportion in gravity of air, to water of the - 
fame bulk, will be as 1 to 938. And tho’ we could not fill the zolipile with 
water, very exactly ; yet, as we neither could perfectly drive the air out of it 


* It may be pretended, that 'tisnot the air, 
but fome vapour, orexhalation, contain’d 


in it, that here weighs upon the balance. 


To obviate this objection, M. Mufchenbroeck 
contrived the following experiment. °Tis 
a known thing in chymiftry, that dry alka- 
- fine falts attraét, and abforb the moifture 
of the air, and thereby run, per deliquium, 
as tis called. ‘That philofopher, there- 
fore, having exhaufted a proper veflel of 
its air, fitted another veffel, wherein was 


lodg’d a large quantity of very dry fale of 


G 


tartar, reduced to fine powder, and made 
hot, to the neck of the former; fo that 
the external air mutt pafs flowly thro’ this 
falt, before it could poflibly get into the 
exhaufted veffel; whereby the air that en- 
tred,was ftrained, and perfectly freed from 
any moifture that might have been lodged 
therein. The veffel being thus fill’d with 
pure air, and put into the {cale, was found 
to weigh as much as when fill’d with unm- 
purged air. De Matere fubtil. ps 7. © i 
y 
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by heat, we think the proportion may hold good : however, in a round fum Pszumarics: 
we may fay, water is near 1000 times heavier than air. And accordingly,, 
having, at another time, put fome water in the zolipile, before we fet it on 
the fire, that the vapours of the rarified liquor might the better drive 
out the air, we found, upon trial carefully made, that when the zolipile 
was refrigerated, and the included vapours, by the cold, turn‘d again into 
water ; the air being let in, increas’d the weight of the zolipile, eleven 
grains, as before ; tho’ there were already in it, twelve drams, and 32 
grains of water, which remain’d of that we had put into it, to drive out 
the air. Merfennus, indeed, tells us, that, by his account, air is in weight 
to water, as 1to 1356; and adds, that we may, without any danger, 
fuppofe, the gravity of water to that of air of a like bulk, as 1300to 1; 
and, confequently, that a quantity of air, toa quantity of water, equi- 
ponderant thereto, is as 1300 to 1. But why we fhould relinquifh our own 
carefully repeated trials, I fee not ; yet I am unwilling to reject thofe of fo 
accurate and ufeful a writer ; and therefore fufpeét, that the difference in 
our obferyations, proceeds from the. different confiftence of the air at Loz- | 
dou, and at Paris: for, our air being more cold and moift than theirs, may An 


be fuppofed, alfo, to be a fourth, ora fifth part heavier. Perhaps it may be 
of moment, too, that our obfervations were made in the midft of winter, 
whilft his might be made in fome warmer part of the year. 
It might be expeéted, that we fhould, from thefe and other obfer- ie boleh 
vations, decide the controverfy about the height of the atmofphere cae ; 
but, tho’ it feems eafy to fhew that many famous writers have been | 
miftaken in affigning this height ; yet, ’tis very difficult, precifely to define . 
its extent. : , 
Now, wehave, already made it appear, that at leaft about Loxdox, the 
proportion of fpecific gravity betwixt water and air, is, as 1ooo to f. 
And, to determine the difference in weight betwixt water and quick- 
filver ; wetook a glafs-pipe, in the form of an inverted fiphon, and pouring 
into ita quantity of quick-filver, we held it fo, that the fuperficies of the 
liquor, both in thelonger and fhorter leg, lay in the horizontal line E F; then Fig. ho: 
pouring water intothe longer leg of the fiphon, tillthat was almoft fill’d, we 
obferv’d the furface of the quick-filver in that leg to be, by the weight of the 
water, deprefs’d from E, to B, and in the fhorter leg, to be as much impell’d. 
upwards from F, toC. And having, before-hand, made marks, as well 
at the point B, as at the oppofite point D, we meafur’d both the diftance 
DC, to have the height of the cylinder of quick-filver, which was rais‘d 
above the point D, by the weight of the water, and the diftance BA, 
which gave us the height of the cylinder of water. So that the diftance 
DC, being 244 inches, and the height of the water 304% inches, the pro- 
portion appear’dto be as 121 to 1665, or as 1 to 7 #4. 
Wealfo meafured the proportion betwixt quick-filver and. water by the 
help of a balance, which would turn with the hundredth part of a grain.. 
But, becaufe an over-fight is ufually committed in weighing quick-filver,. 
and water; efpecially, if the orifice of the containing veflel be wide ; ws 
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Preumarics the furface of water in veffels, will be concave, but that of quick-filver 

~ confiderably convex ; to avoid this inconvenience, we made ufe of a 
glafs-bubble, blown very thin, that it might not be’ too heavy for the 
balance, and terminating in a very flender neck, wherein the concavity 
or convexity of a liquor could not be confiderable. This glafs weigh- 
Ing 233 grains, we almoft fill’d ic with quick-filver, and faftning a mark 
over againft the middle of the protuberant fuperficies, we found that 
the quick-filver alone, weigh’d 2992+ grains; then the quick-filver 
being pour’d out, and the fame-glafs fill’d to the fame height with 
common water, we found it to weigh 217 grains: whereby, it appear’d, 
that the weight of water to quick-filver, is, as 1to1 34% 3 tho the illu@ri- 
ous Verulam, merely for want of exa€tinftruments, makes the proportion 
betwixt them greater thanof 1 to17. And, by the way, fince quick-fil- 
ver, and well rectified {pirit of wine are accounted, one the heavieft, and 
the other the lighteft of fluids; with the fame glafs, and fcales, we found, 
the difference betwixt them, to be, as 1 and 16 +$¢+ 3 whence, the diffe- 
rence betwixt highly rectified fpirit of wine, and common water, is, as 
betwixt 1 and 1744. But to avoid fra@tions, let us fuppofe quick-filver is 
fourteen times as heavy as water. Wehave then given us, the proportion 
of air to water, and of water to quick-filver ; from whence, it is ealy to 
find the proportion betwixt air and quick-filver ; if we fuppofe the atmo- 
{phere to be uniformly of fuch a confiftence as here below. For, fince 
our engine hath fufficiently manifefted, that ’tis the equilibrium with the 
external air, that, in the Zorricellian experiment, fuftains the quick-filver ; 
and, fince by our accurate experiment, formerly mention’d, a cylinder of 
mercury, able to balance a cylinder of the whole atmofphere, amounted to 
about thirty inches ; and, fince, confequently, we may affume the proportion 
of quick-filver to air, to be as 14000 to 1 ; it will follow, that a cylinder. 
of air, able to maintain an equilibrium with a mercurial cylinder of two 
feet and a half in height, muft amount to 3 5000 Engli(h feet, and confequent- 
ly to feven miles. 

But we cannot fafely conclude, that the air is every where of the fame 
confiftence we found it, near the furface of the earth ; not only becaufe, 
as Seneca fays, “the air is more grofs, the nearer it comes to the earth, as 
the feces fall to the bottom in water”; but becaufe the {pringy texture of ~ 
the aerial corpuicles makes them capable of a very great compreflure, 
which the weight of the incumbent part of the atmofphere exerts upon 
the undermoft, near the furface of the earth. And as we have feen, that 
air, much rarify’d without heat, may eafily admit a farther rarifa@tion with 
it; and that, even without being expanded thereby, it is capable of being 
rarify’d to above a hundred and fifty times the extent it ufually poffeffeth 
here below ; perhaps the atmofphere may rife to the height of fome hun- 
dred miles: nay, exhalations may afcend much higher, if there was no 
miltake in that ftrange obfervation made at Toloufe, in a clear night in 4u- 
guft, by the diligent Emanuel Magnan; who, as Ricciolus tells us, “* faw, 
“* from eleven a-clock at night, till twelve, while the moon was under the 

: , | horizon, — 
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© horizon, a little lucid cloud, near the meridian, and almoft in the 2e-Pxzumarice: | 
“ nith, which could be illumin’d by nothing but the fun; and, therefore, “7 Y= 
~ muft have been higher than the whole fhadow of the earth. And,” {ays 
Ricciolus, “ the like phenomenon was obferv’d by the great mathematician 
“ Riccius.” ? 

Various obfervations, made at the feet, tops, and interjacent parts of 
high mountains, might, perhaps, affift us to make an eftimate, in what 
proportion the higher air is thicker than the lower ; and to guefs at the 
different confiftence, as to laxity and compactnefs, of the air, at feveral 
diftances from us. And, if the difficulties about the refraGtions of the 
celeftial luminaries were fatisfactorily determined ; that might, alfo, con- 
duce to aflign proper limits to the atmofphere. But, at prefent, we dare 
not pronounce any thing, peremptorily, concerning the height of it. . 

37. We have often obferv’d, that,when the fucker of our pump was drawn One nian 
down, immediately upon turning the key, there appear’d a kind of light 9H ie sbagtylr: 
in the receiver, almoft like a faint flahh of lightning, in the day-time ; and the air-pump. 
almoft as fuddenly did it appear, and vanifh: When we firf took: notice 
of this phenomenon, the day was clear, the:hour-about.ten in-the morning, 
and the only window in the room faced the north; and we'found that, by. 
interpofing any opake body between the receiver, and the window, tho’ 
the reft of the room were: fufficiently enlighten’d, yet the flathes did not 
appear as before: As foon as night was come, we made the room very 
dark, and. plying the pump, as in the morning, could not find, upon 
_ turning the key, the leaft glimmering of light. Whence we inferr’d, that 
the flafh, appcaning in the receiver, did not proceed from any new light, 
generated there; but from fome reflections of the light of the. fun, or 
other luminous bodies, placed without: tho’, whence the reflection should 
happen, was hard to fay. 

Wherefore, the next morning we went about to repeat the experiment ; 
but tho’ we could, as well as formerly, exhauft the receiver: tho’ the 
place wherein we made the trial, was the very fame; and tho’ other cir- 

cumitances correfponded ; yet we could not difcover the leaft appearance 
_ of light all that day, no more than on feveral others: nor can we, to this 
very time, be fure,.a day, before-hand, that thefe flathes will appear in 
our great receiver. Nay, having once found the engine difpofed-to exhibit. 
this phenomenon, we fent notice of it to Dr. Wallis, who was then very. 
near at hand, and made hafte to fatisfy his curiofity ; yet, by that time he 
arrived, the appearance was ceafed: and having long, in vain, endeat 
vour'd to exhibit it again, we were, after all, unexpectedly prefented with 
a: few flafhes. : . r rer 

And this contingency, whereto our experiment is liable,. being fuch, © 
that, in all confticutions of the weather, times of the-day, Oc. it will 
fometimes anfwer, and fometimes difappoint our expeétations-; we are 
much difcouraged from framing an hypothefis to folve it; tho’ it.might be 
attempted from confidering the following phenomena. (1.) The appear 
ance may as well be exhibited by candle-light, as by day-light, can in. 
Bi what= 
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- -Psxuscaries. whatever'pofition the candle be held to the receiver, provided the rays of 


| 


light be not hinder’d from falling upon the veffel. (2.) The flafh appears 
immediately upon turning the key, to let the air out of the receiver into 
the empty’d cylinder; fo that, [remember not, that the flath appear’d,when 
at any time, in our great receiver, the ftop-cock was open’d, before the 
cylinder was exhaufted. (3.) When, inftead of the great receiver, we made 
ufe of a {mall glafs, not containing above a pound and a half of water ; 
the phenomenon might be exhibited, tho’ the ftop-cock remain’d open, 
provided the fucker was drawn nimbly down. (4.) When we began to 
empty the veflel, the appearances of light were much more confpicuous, 
than towards the latter end, when little air, at a time, could pais out of 
the receiver. (5.) When the fucker had lately been well oil’d, and, in- 
ftead of the great receiver, the fmaller veflel, above-mention’d, was 
emptied; upon opening the ftop-cock, as the air defcended out of the 
glafs into the emptied cylinder, there afcended out of the cylinder into the 
veflel, ‘a certain fteam, which feem’d to confift of very little bubbles, or 
other minute corpufcles, thrown up from the oil, rarify’d by the attrition — 
it fuffer’d in the cylinder. For, at the fame time that thefe fteams 
afcended into the glafs, fome of the fame kind manifeftly iffued out, like a 
little pillar of fmoke, at the orifice of the valve, when that was occa- 
fionally open’d. And thefe fteams, frequently prefenting themfelves to _ 
our view, we found, by expofing the glafs to a clear light, that they 
play’d up and down in it; and, by their whitifhnefs, in fome meafure re- 
fembled the appearance of light. (6.) For, when the flafh was great, 
the receiver, at the very inftant, loft of its tranfparency, by appearing 
full of fome kind of whitith fubftance; and, for a fhort time after, the 
fides of the glafs continu’d opake, and feem’d to be darken’d, as if fome 
swhitith fteam adhered to the infide of it. 7G 

But he who would fairly account for the phenomenon, whereof thefe 
are notall the circumftances, muft fhew from whence the apparent white- 
nefs proceeds; and why that whitenefs fometimes appears, and fome- 
times not. Now, had our phenomenon been conftant, and uniform, we 
fhould fufpeé& it'to have been produced after the following manner ; for 
tho’ what we faw in our receiver, feem’d to be a kind of light, yet 
it was, indeed, but a whitenefs, which render’d the infide of the glafs — 
opake. 

Now our common air abounds with particles, able to reflect the rays of 
light, as appears from that vulgar obfervation, the motes in the air,when the 
fun-beams fhooting into any fhady place, difcover them, tho’, otherwife, the 
eye cannot diftinguifh them from the air. And, I particularly remember, 
that being at fome diftance from London, ata’time when numerous bon- - 
fires happen’d to be made there ; tho’ we could not fee the fires themfelves, _ 
yet we could plainly perceive the air all enlightned near the city : which 
argued, that the rays, fhot upwards from the fires, met, in the air, with 
corpulclés opake enough to reflect them to our eyes. . 


White | 
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White may be produc’d, when the continuity of a tranfparent body hap~ Pyeunsrscs. 
pens to be interrupted by a great number of furfaces, which, like fo many oe 
little looking-glafles, confufedly reprefent a multitude of {mall and feem- 
ingly contiguous images of the lucid body. For, water, or the whites of 
eggs, beaten to a froth, lofe their tranfparency, and appear white. And, 
having, out of one of our {mall receivers, carefully drawn out the air, 
and left a very little hole, by which the water was to get in, we 
obferv'd that the neck, being held under water, and the little hole opend, 
the water that rufh’d in, was fo broken, and acquired fuch a multitude 
of new furfaces, that the receiver feem’d to be full rather of milk, than 
water. And farther, by heating a lump of cryftal, and quenching it in 
fair water, it will be difcontinued by fuch a multitude of cracks, which 
create new furfaces within it, that tho’ it will not fall afunder, yet it 
lofes its tranfparency, and appears white. 

Hence we might imagine, that upon the rufhing of the air out of the re- 
ceiver, into the’ empty’d cylinder, the ‘air in the receiver, being fuddenly, 
and vehemently expanded the texture of ir was as fuddenly alter’d; and 
the parts made fo to fhift places, and, perhaps, fome of them, to change 
poftures, as during their new and vehement motion, and their varied fitu- 
ation, to difturb the ufual continuity, and, thereby, the tranfparency of the 
air ; which ceafing to be a tranfparent body, muft eafily degenerate into 
white. 

Several things there are which make ‘this conje€ture feem the more 
probable ; as, firft, the whitenefs always appear’d greater, whilft there 
was much air in the receiver, than when the air was in great part drawn 
out. Secondly, having exhaufted the receiver, and applied to the hole 
in the ftop-cock, a large bubble of clear glafs; fo that we could, at plea- 
fure, let the air pafs out, at the {mall glafs, into the great one, and eafily 
fill the {mall one with air again; we obferv’d, that upon opening the 
communication betwixt the two glaffes, the air, inthe fmaller, finding fo 
much room in the greater, to receive it, flew out with fuch force, that 
the {mall vial feem’dto be full of milk: and this experiment we repeated 
feveraltimes. And, thirdly, having provided a fmall receiver, with its 
upper orifice fo narrow, that I could ftop with my thumb, I obferv’d, 
that when, upon the exfuction of the air, the capacity of the glafsappear’d — 
white ; if, by a fudden removal of my thumb, I let in the outward air, 
that whitenefs would immediately vanifh. It may, indeed, be objected, : 
that when water turns from tranfparent to white, the air intervenes, — 
which converts it into bubbles. ‘To this I reply, there are two very vo- 
latile liquors, which being gently put together, are as clear as rock-water, 
and yet will inftantly, without the help of air to turn them into bub-— 
bles, fo alter the difpofition of their infenfible parts, as to become a white 
confiftent body. And this happens net asin the precipitation of benja- 
min, andfome other refinous fubftances ; which being diffolv’d in {pirit of 
wine, may, by the affufion of fair water, be turn’d into a milky fubftance : 
for this whitenefs belongs not to the whole liquor, but to the corpuf- 

V ot. I. Nnao cles 
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 Pxevaaries cles of the diffolved gum, which, after a while fubfiding, leave the liquor 

Vv “ tranfparent, themfelves only remaining white. But, in our cafe, tis from 
the varied texture of the whole tranfparent fluid ; and not from any particu- 
Jar part, that this whitenefs refults: for the body is white throughout, and 
will long continue fo ; and yet may, in procefs of time, without any addi- 
tion, be totally reduced into a tranfparent body, as before. 

Another conjecture, we grounded upon this obfervation: having con- 
vey d fome fmoke into our receiver, placed againft a window, we obfervd, 
that, upon the exfuction of the air, the corpufcles floating in it, manifeftly 
enough made the receiver feem more opake, at the very inftant the air 
rufhed out. For, confidering that the whitenefs, whofe caufe we enquire 
after, did but fometimes appear, it feem’d not impoffible, that, at fuch 
times, the air in the receiver, might abound with particles capable of re- 
flecting the light, in the manner requifite to exhibit a white colour, by being 
put into a certain unufual motion ; as the new motion of their former 
fumes, made the infide of the receiver appear darker than before ; and as 
our {moking liquor, formerly mention’d, whofe parts, tho’ they feem’d 
tranfparent, whilft they compos’d a fluid ; yét when the fame corpufcles, 
upon unftopping the glafs, were put into a new motion, and difpos'd af- 
ter a new manner, they render’d that part of the air opake, wherein they - 

-movd, and exhibited a greater whitenefs than fometimes appears in our 
receiver. s 

But as to the reafon why our phenomenon appears not conftantly, I re- 
member not that we ever made the experiment in a {mall veflel, without’ 
finding the expected whitenefs. But it remains to be explain’d, why in 
our great receiver, the phenomenon fhould fometimes be feen, and often 
not. All I have to fay on this head is, that the air about us, and much 
more that within the receiver, may be much alter’d by fuch cafes, as few 
areaware of. ‘The learned Fofephus Acofta tells us, that “ in America there 
“* are winds which naturally trouble the water of the fea, making it green 
“and black, and others as clear as cryftal.” | And, tho’ we convey’d 
into the receiver, the {cales and the pendulums, formerly mention’d, clear 
and bright; yet, after the veflel had been emptied, and the air let in 
again, the luitre of both appear’d tarnifh’d by a beginning ruft. And, 
laftly, having, with pure fpirit of wine, drawn a tranfparent tinéture out 
of a certain concrete, commonly reckon’d among minerals, we put it intoa 

: eryftal-vial, carefully ftop’d it, and lock’d it up ima prefs ; and this liquor, 
> being a chymical rarity, and of a pleafing golden colour, we had often oc- 
ee cafion to view it ; and took notice that once it feem’d to be very thick: 

whereupon, we imagin’d it poffible, that fome of the mineral corpufcles 
were then precipitating. But finding, after fome days, that tho’ no precipita- 
tion had been made, and that the liquor,retaining its former vivid colour,was 
grown clear again, as before ; we lock’d it up again in the fame prefs, 
and refolv’d to obferve whether the like changes. would again appear in 
our tincture ; and, in cafe they fhould, whether they might be afcribed to 
the alterations of the weather. But tho’ during the greateft part of a 

| | winter, 
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winter, and a f{pring, we obferv’d the liquor would often grow turbid ;Psepscartes, 
and, aftera while, clear again ; yet we could not find, that it depended ; 
upon any manifeft changes in the air; which would be often dark and 

cloudy, when the tinéture was clear and tranfparent ; as, in clear wea- 

ther, the liquor would, fometimes, appear troubled, and more opake. 

38.Into a glafs vial, open at the top, we puta mixture of fhow, and com~ Water made ta 

mon falt; and, in the midft of this mixture, fet a cylindrical glafs, clofely”** ae 
ftopp’d at the lower-end, and open at the. upper, where we fil?’d it with 
common water ; then let them all down into the receiver ; and the pump 
being fet on work, the fnow began to melt fafter than we expected. 
_ However, by that time the receiver had been confiderably exhaufted, 
which it was in lefs than a quarter of an hour, we perceivd the water, 
near the bottom of the glafs cylinder, to freeze ; and the ice, by a little 
longer ftay, feem’d to increafe, and to rife fomewhat higher than the 
furrounding furface of the liquor whereinto, almoft all the fhow and falt 
were diflolved. ‘The glafs being taken out, it appear’d that the ice was 
as thick as the infide of the veffel it fill’d 5 tho’, into that, I could put my 
thumb.. The upper furface of the ice was very concave, and, held a- 
gainit the light, appear’d not deftitute of bubbles; tho’ they were fewer 
than if the water had been frozen in the open air. The like experiment 
we made, alfo, in one of our {mall receivers, with like fuccefs. 

But, whence proceeds that ftrange force, we may fometimes obferve in 
frozen water, te break the bodies that imprifon it,tho’ hardand folid? A 
ftone-cutter, lately complain’d to me, that, fometimes, thro’ the negligence 
of his fervants, the rain being fufter’d to foakinto marble, the violent frofts 
coming on, would burft the ftones. And, another tradefman complain’d, 
that,even implements made of bell-metal, being carelefsly expos’d to the 
wet, have been broken and fpoil'd by the water, which, having enter’d at 
the little cavities of the metal, wasthere, afterwards, froze, and expanded 
intoice. And Cabeus tells us, that he faw a huge veflel of exceeding hard. 
marble {plit afunder, by congeal’d water. I know it will be faid, to folve 
this problem, that congelation doth not reduce water into lefs {pace, than 
it before poffefs’d, but, rather makes it take up more. But, tho’ we 
grant, that water {wells in freezing ; yet how cold, which, in weather- 
glafles, manifeftly condenfethair, fhould expand either the water or the in- 
tercepted air, fo forcibly as to perform what we have here related, re- 
mains to be difcover’d. 

39. We took an oval glafs, clear, and pretty ftrong, witha fhort neck 4 water-thermo: 
at the obtufer end, thro’ which we thruft, almoft to the bottom, a pipe of "4 
giafs, and clofely cemented it to the neck : the upper part of the pipe 
was drawn, in fome parts, more flender than a crow’s quill, that the chan- 
ges of the air in the glafs-egg, might be the more confpicuous ; 
then we conveyd into the glafs, five or fix fpoonfuls of water, part of 
which, by blowing air into the egg, was rais’d into the flender part of the 
pipe ; fo that the water was interpos’d between the external air, and 
that included in the egg. ‘This weather-glafs, was fo placed, and clos‘d zg, gs. 
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PreuMAttc® up inthe cavity of a {mall receiver, that only the flender part of the pipe, 
to the height of four or five inches, paffing thro’ a hole in the cover, re- 
maind expos’ to the open air. 

In evacuating the receiver, the water, in the pipe, defcended about a 
quarter of an inch; and this upon two or three repeated trials; which 
{eem’d to argue, that there was no heat produced in the receiver, upon the 
exfuction of the air: for even a little heat would, probably, have been dif- 
cover'd by that weather-glafs ; fince, by the bare ‘application of my hand to 
the outfide of the receiver, the warmth, after fome time, having been pro- 
pagated thro’ both the glafles, and the interval betwixt them, to the im- 

rifon'd air, fo rarifydit, that, by prefling upon the fubjacent water, 
it impell’d that in the pipe much higher than it had fallen downwards, upon 
the exfuction of the air. 

Yet wedo not hence conclude, that in the cavity of the receiver the cold 

“was greater afcer the extraction of the air, than before. 

If it be demanded, what then could caufe the water to fubfide; we an- 
{wer, that, probably, it was the ftretching of the glafs-egg, which, upon 
the exfuction of the ambient air, was unable to refift, as formerly, the pref- 
fure of the included air, and of the atmofphere, which, by the interven- 
tion of the water, prefs’d upon its concave furface. This feems probable, 
as well from the experiment about breaking a glafs, by the force of the 
atmofphere, as becaufe, when by drawing the air out of the receiver, the © 
water, inthe pipe, was fubfided, upon the re-admiffion of the external air, to 
prefs againft the convex furface of the egg,the water was prefently re-impell’d 
to its former height: for, ifa glafs-ege -be blown exceeding thin, and af- 
terwards broken, you may, by degrees, confiderably bend fome narrow 
parts of it; and upon the removal of what kept it bent, it will readily reco- 
ver its former ftate. From our experiment, then, it appears either that there 
fucceeds no body in the room of the air drawn out of the receiver; or, 
that every fubftance is not fubtile enough, readily to pafs the pores of 
glafs, tho’ always fufficiently agitated to produce heat, whereverit is found 
in plenty. So thatif we admit no vacuum, this experiment requires us to 
allow a great difparity, either as to bulk, or agitation, or both, betwixt 
fome parts of the etherial fubftance, and thofe which, here below, pro- 
duce heat and fire. | 

Wetryd, alfo, what operation the extra€tion of- the air would have 
upon camphire ; which confifts of fuch volatile parts, that they will exhale 
without any greater agitation, than that of the open air. But we found 
not, that even this loofe body, was fenfibly alter’d thereby. 

Infettsinvacuc. 40. We convey d a large flefh-fly into a {mall receiver; and, at another 
time, fhut into a great receiver, a humming-bee, that appeard ftrong | 
and lively ; we alfo procur’d a white butter-fly, and inclos’d it in a {mall 
receiver; where, though at firft, he flutter’d about, yet, prefently, 
upon the exfuction of the air, he fell down, as in a fwoon ; retaining no 
other motion, than fome little trembling of the wings. The fly, after fore ‘ 
exfuctions of the air, drop’d down from the fide of the glafs, whereon fhe 
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was walking: but, that the experiment of the bee might be more in- Pxeuxarics. 
ftructive, we convey’d in with her a bundle of flowers, which remain’d 
fufpended by a firing, near the upper-part of the receiver ; and having 
provoked the bee, we excited her to fly up and down the veflel, till, at 
length, fhe lighted upon the flowers, when we prefently began to draw 
out the air, and obferw’d, that tho’, for fome time, fhe feem’d to take 
no notice of it, yet, withina while after, fhe fell down from the flow- 
ers, without making any ufe of her wings. : 

41. To fatisfy ourfelves, in fome meafure, why refpiration is fo ne- Birds and mice 
ceflary to the animals, that nature hath furnifh’d with lungs, we took af eale® 
lark, one of whofe wings had been broken by a fhot ; but, notwithftanding 
this hurt, the bird was very lively ; and put her into the receiver, where- 
in fhe, feveral times, {prung up toa confiderable height. ‘The veflel being. 
carefully clofed, the pump was diligently ply’d, and the bird, for a while, 
appear d lively enough ; but, upon agreater exfuction ofthe air, fhebegan 
manifeftly to droop, and appear fick ; and, very foon after, was taken 
with as violent, and irregular convulfions, as are obferv’d in poultry, 
when their heads are wrung off, and died ; (tho’ whenthefe convulfions 
appeard, we let in the air,)’ with her breaft upward, her head down- 
ward, and her neck awry; and this within ten minutes, part of which 
time had been employ’d in cementing the cover to the receiver. Soon 
after we put a lively hen-fparrow, which was not at all hurt, into 
the receiver ; and profecuting the experiment, as with the former, fhe ap- % 
pear'd to be dead within feven minutes; one of which was employ’d in 
cementing on the cover: but, upon fuddenly turning the key, the frefh. 
ait, flowing in, began flowly to revive her; fo that, after fome pantings, 
fhe open’d her eyes, and regain’d her feet, and, in about a quarter of an. 
hour after, attempted to efcape at the top of the glafs, which.had. been. 
unftop’d to letin the air upon her: but the-receiver being clofed the fecond. 
time, fhe died, violently convuls’d, within five minutes from the firft ftroke. 
of the pump. 

Then we putin a moufe, newly caught, and, whilft he was leaping up'very - 
high in the receiver, we faften’d the cover to it; expecting, that an ani-- 
mal, ufed to live with very little frefh air, would endure the want of it. 
better than the birds; but tho’, for a while after the pump was fet on 
work, he continu’d leaping up, as before; yet ‘twas not long e’er he be-- 
gan to appear fick, giddy, and to ftagger ; after which, he fell down as- 
dead, but without fuch violent convulfions as the birds had :. when,. 
haftily letting in fome frefh air upon him, he recover’d his fenfes, and his- 
feet, but feem’d to continue weak and fick; at length, growing able: ta. 
skip, as formerly, the pump was ply’d again, c eight. minutes ; a- 
bout the middle of which i{pace, a very little air, by mifchance, got in at. 
_ the ftop-cock ; and, about two minutes after that, the moufe, feveral 
times, leap’d up lively; tho’, in two minutes more, he fell down quite - 
dead ; yet with convulfions far milder than thofe wherewith the birds ex- 
pired. This alacrity, fo little before his death, and his not dying aaa 
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| Beowance than at theend of the eighth minute, feem’d owing to the air that pafe'd 
| “into the receiver: for, the firft time, the convulfions f{eiz’d him, in fix mi- 
nutes after the pump began to be work’d. 'Thefe experiments feem’d 
the more ftrange, becaufe, during a great part of thofe few minutes, the 
engine could but confiderably rarify the air, and that too by degrees ; 
and, at the end thereof, there remain’d in. the receiver, a large quantity : 
for, as we formerly faid, we could not draw down water ina tube, with- 
in much lefs than a feot of the bottom. And, by the exfuétion of the air, 
and inter{perfed vacuities, there was left in the receiver, a {pace fome 
hundreds of times exceeding the magnitude of the animal, to receive the 
fuliginous fteams, from which, expiration difcharges the lungs, and which, 
in the other cafes, may be fufpeéted, for want of room to ftifle thofe ani 
mals that are clofely pent up in too narrow receptacles. : 

Having caufed theie three creatures to be open’d, I could difcover little 
of what we fought for, and might, poffibly, have found in larger animals: 
for tho’ the lungs of the birds appear’d ‘very red, and, as it were, in- 
flamed ; yet that colour is ufual in the lungs of fuch winged animals: but 
in almoft all the deftructive experiments, made in our engine, the animals 
appear'd to die with violent convulfive motions. From whence, whether 
phyficians can deduce any thing towards the difcovery of the nature of 
convulfive diftempers, I leave to them to confider. | 

And, to obviate objections, and remove {cruples, about the fuliginous 
{teams of pent up animals, which are fuppofed to kill them; we fhut up 
another moufe, as clofe as poffible, in the receiver, where it liv’d about 
three quarters of an hour; and might, probably, have done fo, much 
longer, had not a perfon of quality defired to fee whether the moufe could 
be kill’d by the exfuction of the ambient air. Upon this, we open’d, for 
a while, an intercourfe betwixt the air in the receiver, and that without, 
whereby thé moufe might be reffethed, tho’ without uncementing the cover 
at the top ; to avoid the objection that, perhaps, the veffel was more 
clofely ftopp’d for the exfuétion of the air than before. 

_ The event was, that, after the moufe had liv’d ten minutes, the pump 
being a little out of order, he died with convulfive motions ; wherein he 
made two or three bounds into the air, before he fell down dead. 

I, alfo, caufed a moufe, that was very hungry, to be fhut up all night 
into a well-clofed receiver, with a bed of paper for him to reft on; and 
caus'd the engine to be placed by the fire-fide, to keep him from being de- 
ftroy'd by the immoderate cold of a frofty night ; and, the next morning, 
I found he had devour’d a large part of the cheefe that had been put up 
with him. And, having thus kept him alive full twelve hours, we, by 
fucking out part of the air, brought him to droop, and to appear {well’d ; 

| but, by letting it in again, we foon reduced him to his former liveline(s. 
ee . It may be here expected, I thould attempt to clear the nature of refpi- 
Sider’d. ration ; but I pretend to go no farther in it, than our engine leads me. 
“Tis alledged by thofe who would have the lungs rather paffive than 


active, in refpiration, that as the lungs, being deftitute of mufcles and 
| | | fibres, 
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fibres, are unfit to dilate themfelves ; fo, without the motion of the tho- Pstumarics. 
rax, they would not be fili’d with air: fince, as Dr. Highmore hath well ob- 
ferv'd, if a live dog have a great wound made in his cheft, the lobes of 
the lungs, on that fide of the mediaftinum, will collapfe, and lie ftill ; 
whilft the thorax, and the lobes on the other fide of the mediaftinum, con- 
tinue their former motion. And if, at once, the mufcles of the cheft be 
on both fides diflected ; upon the ingrefs of the air, the whole lungs, tho’ 
untouch’d, will remain without motion, at leaft as to any expantion, or 
contraction of their fubftance. 

And Bartholine affirms, that if the diaphragm be wounded, the lungs will 
fall together, and refpiration ceafe ; which appears to be true, provided the 
wound be large. And, indeed, the diaphragm feems the principal inftru- 
ment of ordinary refpiration ; tho’ the intercoftal mufcles, and, perhaps, 
fome others, may be allow’d eminently to concur in extraordinary cates. 
But it is not yet decided, what conveys air into the lungs; for ’tis de- 
manded,” what fhould bring the~air into the lungs, if they do not attrac 
it? To this queftion, fome of tlie beft modern philofophers anfwer, that, 
by the dilatation of the cheft, the contiguous air is thruft away ; and that, 
preffing upon the next air to it, and fo onwards, the propulfion is conti- 
nud, till the air be drawn into the lungs, and fo dilates them. It is, 
again, objected by Bartholine, that, according to this do¢trine, a man 
could not fetch his breath from a great veflel, with a flender neck, full of 
air; becaufe, when his mouth covers the orifice of the neck, the dilata- 
tion of his thorax could not propel the air of the veffel into his lungs ; being 
feparated by the inclofing veflel, from the ambient air: and yet, it will be 
faid, experience witnefleth, that out of fuch a veffel a man may fuck air. But. 
this difficulty our engine can eafily folve; fince many of the preeeding ex- 
periments fhew, that, in this cafe, there needs no propulfion of the air, 
by the {welling thorax, or abdomen, into the lungs: fince, upon the bare 
dilatation of the thorax, the fpring of that internal air, which pofleffes as 
much of the cavity of the cheft, as the lungs fill not, being much weak-.- 
en’d, the external and contiguous air, muft neceflarily prefs thro’ the open. 
wind-pipe into the lungs, as finding there the leaft refiftance. ) 

And hence, by the way, we are affifted to judge of that famous. contro-. 
verfy, among naturalifts and phyficians, ever fince the time of Galen ; . 
fome maintaining, that the cheft, with the contain’d lungs, refembles a pair’ 
of bellows, which are, therefore, fill’d, becaufe dilated : and others plead- 
ing, that the comparifon fhould be made with a bladder, which is, there- 
fore, dilated, becaufe it is fill’d. For, astothe thorax, it feems evidently, | 
like a pair of bellows, to be partly fill’d with air, becaufe it was dilated ; 
but as for the lungs, which want fibres to diftend them, they may fitly 
be compared to a bladder ; fince they are dilated, by being fill’d with that 
air which rufheth into them, upon the dilatation of the cheft, in the cavity . 
whereof, it finds lefs refiftance to its {pring, than elfewhere. And this 
calls to mind that ftrange obfervation of Nicholaus Fontauus, a phyfician at 
Amfterdam, who declares, that, in a boy of the fame city, four years see 
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Parumarics. there was found, inftead of lungs, a certain membranous bladder, which, , 
~ “being fill’d with air, and furnifh’d with little veins, had its origin from — 
the wind-pipe. ‘This being fuppofed true, I leave it to be confider’d, how 
well it will agree with moft of the opinions, as to refpiration. : 

And thus may the grand objeétion of Bartholine, and others, be an-— 
{wer'd; but I leave anatomifts to confider what is to be faid to fome obfer- 
vations, that feem to contradict thofe anatomical experiments above-men- 
tion’d: fuch was, particularly, that in Sennertus, of a melancholy ftudent, 
who, having ftabb’d himfelf, and pierc’d the diaphragm in the tendinous 
part, lived feven months after the wound was made; but, dying at length, 
it appeard fo great, being, perhaps, dilated by his {training to vomit, 
that the whole ftomach was found to have got by it, into the left fide of 
the thorax. And fuch, alfo, was the accident which happen’d to a noble- 
‘man whom I have feen, and who is yet alive; in whofe cheft, there hath, 

“for thefe many years, remain’d a hole fo great, that the motion of his 
heart may be perceiv’d thro’ it, An ingenious conje€ture hath been made, 
at the caufe of the fudden death of animals in the exhaufted receiver.; 
which fuppofes it to be, not the want of air that deftroys them, but the 
preflure of that in the cavity of the cheft; as if the {pring thereof, being 
no longer balanced by the ambient air, thereby becomes {o ftrong, as to 
keep the thorax forcibly diftended, hinder its wonted contraction, and fo 
comprefs the lungs and their veffels, as to obftruét the circulation of the 
blood. But Wallaus relates, that he often obferv’d, in the diffeCtion of 
live bodies, the membrane which invefts the lungs, had pores in it, 
as big as the larger fort of peas: which agrees with the obfervations of 
chirurgeons and phyficians, that matter, collected in the thorax, hath pe- 
netrated into the lungs, and been difcharged by coughing. And moft of 
the animals, kill’d in our engine, were birds ; whofe lungs, Dr. Harvey has 
obferv’d, very manifeftly to open, at their extremities, into the abdomen: 
and, by fuch perforations, we may well fuppofe the paflage free, betwixt 
the external air, and that in the abdomen. Befides, to fhew that the ani- 
mals, which expired in our glaffes, need not be fuppofed to have been kill’d 
by the want of air; we forefee another argument, which ought not to be 
conceal'd. The poffibility of a vacuum is, frequently, deny’d ; and the 
{paces void of air, and other groffer bodies are, all of them, fuppofed 
exactly replenifhed with a certain ethereal matter, fothin and fubtile, that 
it can freely penetrate the pores of the moft compact, and clofe bodies, 
even glafs itfelf. Hence it may be faid, that the animals, included in our 
receiver, died not fo much for want of air, as becaufe the air pumped 
out, was neceflarily fucceeded by an ethereal fubftance ; which, confifting 
of parts vehemently agitated, and fo very fmall, as, without refiftance, 
to pais in and out, thro’ the pores of glafs 3 a confiderable quantity of this 
reftlefs matter, meeting together in the receiver, may be quickly able, by 
the exceflive heat of it, to deftroy a little animal, or, at leaft, make the 
air too hot to be fit for refpiration. 


But 
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~ But we have already anfwer'd this obje€tion, by the late experiments ; 
which fhew no heat to'be generated in our exhaufted receiver. , 

It might, alfo, feem probable, that, upon the fudden removal of the 
wonted preffure of the ambient air, the warm blood of our animals was {o' 
vehemently expanded, as to difturb the circulation, and fo diforder the 
whole céconomy of the body ; did fuch animals, alone, as are of a hot con- 
ftitution;. lofe their lives in the exhaufted engine. But as to the ufe of air, 
in refpiration, ‘tis known. to ferve in the produétion and modulation of the 
voice; the expulfion of excrements, by coughing ; the conveying in of 
odours, by infpiration, Gc. which are rather convenient for the well-being: 
of anarimal, than’ neceflary to life. Hippocrates fays, of the air in ani- 
mals endow’d with lungs, that “ tis the caufe botirof life, and difeafes = 
that ’tis fo neceflary, a man cannot live part of a day without it ; and 


that refpiration, alone, is the aétion which can never be fufpended.” 


But, as to the reafon' why the infpiration, and expiration of air, are fo very 
neceflary to'life, both naturalifts, and phyficians, differ fo widely, that it 
will’be very difficult, either to reconcile their opinions, or determine their 
controverfies: 1 | 

Many fuppofe the chief ufe of refpiration, is’ to cool' and temper that 
heat in’ the heart and’ blood, which’ would, otherwifé, be immoderate. 
They, alfo, fuppofé, that the air is neceflary, by its coldnefs, to'condenfe 
the blood that pafieth out of the right ventricle of the heart into the lungs; 
whereby it may gain’ fuch a confiftence, as is requifite to make it fit fewel 
for the vital Hame in thé left ventricle of the heart. And, indeed, fith, 
and other cold creatures, whofe hearts:have but one cavity, are utiprovided 
of lungs. But, tho’, poffibly, the air infpired; may, fometimes, be of ufe 
in-refrigerating the heart; yet, it may be objeéted, that feveral cold crea~ 
tures, as, particularly frogs, ftand’ in‘ reed of refpiration ; which feems 
unneceflary for refrigeration to them, who are deftituté of any fenfible heat, 
arid live in the cold water; that even decrepid’ old men, whofe natural 
heat is very languid, and almoft extinguifhed, shave, yet, a neceffity of 


__ frequent refpiration ; that a temperate air, is fitteft for the generality of 


breathing creatures; atid as an air too’hot, fo alfo, an air too cold, may 
be inconvenhieit for them ; that in forme difeafes,. the natural heat is fo 
weéaken’d, that were the ufe of refpiration to cool, it would be more 
hurtful, than beneficial, Oc. 'Thefe, and’ other objections, might be op- 
pos‘d; aid preis’d, againft the recited opinion; but, we fhall only add} 
that it appears‘riot, by our foregoing’ experiments, in the exhaufted receiver, 
Where animals die fo fuddenly, for want, of refpiration, that the ambient 
body is fenfibly hotter, than the common air. , 
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Others will’ have the very fubftance of the air to gét, by the veffels of - 


the lungs, to theleft ventricle‘of the heart, not only to temper itshéat, but 
to provide for the generation of fpirits. And, thefe se. the authority 
of the anciehts, among whoin, Hippocrates feems; mati eftly, to favour 
their opinion; and both Avifforle, and Galen, fometimes appear iticlinable 
to'it. But, it feems very difficult to thew, how the air is convey’d into 
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the left ventricle of the heart; efpecially, fince: the. fyftole and diaftole of 
the heart, and lungs, are very far from fynchronal : befides, the {pirits. ap- 
pearing to be, but the moft fubtile, and unétuous particles of the blood, 
ca of a very different nature, from that of dry incombuttible corpuicles 
of air. nthe | iene 

_ Another opinion of refpiration makes the genuine ufe of it to be the 
ventilation of the blood, in its paflage thro’ the lungs; whereby, it is dif- 
burthen’d of thofe excrementitious fteams, proceeding, for the moft part, 
from the fuperfluous ferofities of the blood, and chyle. But, this hypothe= 
fis may be explaind two ways. For the neceffity of air in refpiration, 
may be fuppos’d to preceed from hence ; that, as a flame cannot long fub- 
fift in a narrow, and ‘clofe place, becaufe, ‘the fuliginous fteams, it. conti- 
nually throws out, cannot be long receiv’d into. the ambient body, which, 
after a while, growing too full of them, to admit any more, ftifles it; fo 


‘the vital fire in the heart requires. an ambient body of a yielding na- 


ture, to receive into it the fuperfluous ferofities, and other recrements of the 
blood ; the feafonable expulfton whereof, is requifite to depurate. the mafs, 
and makeit fit, both to circulate, and to maintain the vital heat refiding in 
the heart. ‘The other way, is, by fuppofing, that the air doch, not only 
as a receptacle, admit into. its interftices the excrementitious vapours. of the 
blood, when they are expell’d thro’ the wind-pipe ; but, alfo conveys them 
out of the lungs; becaufe, the infpired air, reaching to all the ends of the © 
Afpera Arteria, there aflociates itfelf with the exhalations of the circulating 
blood: and, when ‘tis exploded, carries them away with itfelf, as winds 
{peedily dry up the furfaces.of wet bodies. oF Gy Sane 

Now, to the firft of thefe two ways, our engine affords us this objec- 
tion; that upon the exfuction of the air, the animals die a great deal foon- 
er, than if it were left in the veffel; tho’, by that exfuétion, the ambient. 
{pace is left much more free to receive the fteams, that are either breath 
ed. out of the lungs of the animal, or difcharg’d by infenfible tranfpira- 
tion. 

But, if the hypothefis be taken in the other fenfe, it feems agreeable to. 
that grand obfervation, which the phenomena of our engine, and the re- 
lations of travellers fuggeft, that there is a certain confittence of air, re~ 
quifite to refpiration ; fo that, if it be too thick, and.already over-charg’d 
with vapours, it will be unfit to unite with, and carry off thofe of .the 
blood ; as water will diflolve, and affociate, but a certain proportion 
of faline corpufcles; and, if it be too thin, the number or fize of the aeri- 


_al particles is too {mall to receive, and carry off the excrements. of the 


blood in due quantity. eviid 
Now, that air too much thicken‘d with fteams, is, unfit for re{piration, 
appears by what happens in the lead-mines of Devonjhire, and, perhaps,, 
of fome other countries ; for, Lam credibly inform’d, that damps often 
rife here, which fo thicken the air, as fuddenly to ftile the workmen. 
And, that this proceeds, not from any arfenical, or poifonous exhalation 
containd in the damp; but, from too great a condenfation of the air ; 
| feems. 
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feems) probable, becaufe it often leifurely extinguifhes the flames of their Pxeumarics. 
candles, or lamps 5 and alfo, becaufe in thofe cellars, where large quanti- ; 
ties of new wine are fet to work, men have been fuffocated by the fteams } 
exhaling from the muft, and too much thickening the air: for’ this reafon, 
in fome hot countries, thofe who have occafion to go into fuch cellars, 
carry with them a quantity of well-kindled coals, which they hold near 
their faces, whereby, the fumes being diffipated, and the air rarified, the 
ambient body is reduced to a confiftence fit for refpiration. 

And, by way of confirmation hereof, we may add, that ina {mall recei- 
ver,we carefully clos'd a bird, which, tho’ fora quarter of an hour, he feem’d 
not much prejudiced, by the clofenefs of his prifon, he, afterwards, be- 
gan to pant vehemently, keep “his bill open, and appear very fick ; and, at 
length, after fome long, and violent ftrainings, he caft up a little matter out 
of his ftomach: and this he did feveral times, till growing fo fick, that he ftag- 
gerd, and gafp'd, and was ready to expire. Now, we’perceiv’d, that within 
three quarters of an hour, from the time he was put in, he had fo thicken’d, and 
tainted the air, with the fteams of his body, that it was become altogether 
unfit for the ufe of refpiration ; which is no wonder, fince, according to 
Sanétorius, that part of our aliment, which goes off by infenfible per{piration, 
exceeds, in weight, all the vifible, and grofler excrements, both folid, and 
liquid. 

That air too much dilated, is unfit for refpiration, the fudden death of 
animals kiil’d in our exhaufted receiver, fufficiently manifefts. And, it may 
well be doubted,whether if man were rais’d to the very top of the atmo- 
{piiere, he would be able to live there many minutes. Fofephus Acofta tells 
us, tiat when he himfelf pafs’d the high mountains of Perz, to which, he 
fays, the Alps feem’d but as ordinary houfes, compared with high towers ; 
he, and his companions were furpriz’d with extreme pangs of ftraining, and 
vomiting blood, and with fo violent a diftemper, that he concludes, he fhould 
undoubtedly have-died, but, that this lafted not above three, or four hours, 
before they came into a more natural temperature of air. Our author 
adds, that he is, therefore, perfuaded, ‘‘ the element of the air is there fo 
“ fubtile, and delicate, as to be inconfiftent with the re{piration of man, 
“ which requires a more grofs, and temperate air.” | | 

But, perhaps, the air doth fomething’ more, than barely help to carry off 
what is thrown out of the blood, inits paflage thro’ the lungs, from the 
right ventricle of the heart to the left. For in phlegmatic conftitutions, 
and difeafes, the blood will circulate tolerably well, notwithftanding its 
being exceffively ferous,; and in afthmatical cafes, tho’ the lungs be greatly 
ftufi'd with vifcid phlegm, yet the patient may live for fome years: whence 
itis {carce probable, that either the detention of the fuperfluous ferum of 
the blood, for a few moments in the lungs, fhould be able to kill a perfectly 
found and lively animal ;. for we commonly found, upon repeated trials, in 
a {mall receiver, that, within half a minute, a bird would be furpriz’d 
by mortal convultions, and, within a minute more, would die, beyond a 
_ poffibility of recovery from the air, tho’ never fo haftily let in. And, 
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Prevmazics shat fhews it was not the clofenefs of the veflel, bur the fudden exfuc- 


= 


far greater part of the air, being unferviceable, it is not ftrange that an — 


tion of the air, that killed thofe creatures fo foon; we once inclos’d a 
bird in a {mallreceiver, where, for a while, he eat very chearfully fome 
feeds that we convey'd in with him ; and not only liv’d ten minutes, but 
had, probably, furviv’d much longer, tho’ he had not been refcu’d. Another 
bird being, within halfia minute, caft into violent convulfions, upon the 
exfuction of the air ; we haftily turn’d the ftop-cock, to let itin again, where- 
by the gafping animalwas iprefently recover'd.. And, at another time, we, 
at night, fhut up a bird in one.of our {mall receivers, and obferv’d, that, 
for a while, he was fo infenfible of the alteration of the air, that ‘he fell 
afleep, with his head under his wing; and tho’ he afterwards awaked fick, 
yet he continued upon his legs, for above forty minutes; and then feeming 
ready to expire, we took him out, and foon found him lively. Upon the 
whole, there appears reafon to {ufpect, that there is fome ufe of the air, 


‘which we do.not yet thoroughly underftand, that makes it fo neceflary to 


the life of animals. 

Paracelfus, indeed, tells us, that ‘‘ as the ftomach concoéts the aliment, 
and makes part of it ufeful to the body, rejeting the other ; fo the 
** Jungs confume part of the air, and rejeét the reft.” Whence, according 


¢ 


€¢ 


tohim, we may fuppofe a little vital quinteffence in the air, which ferves to 


refrefh and reftore our vital {pirits ; for which purpofe, the grofler, and 


animal fhould inceflantly require frefh air. This opinion, indeed, is not 
abfurd ; but it requires to be explain’d and prov’d: befides, fome objections 
may be made to it, from what has been already argued againft the tranf- 
mutation of air, into vital fpirits. Nor is it probable, that the bare want 
of the generation of the ufual quantity of vital fpirits, for lefs than one mi- 
nute, fhould be able to kill a lively animal, without the help of any exter 
nal violence. And, upon this fuppofition, Cornelius Drebell, is affirm’d, by 
many credible perfons, to have contrived a veflel to be row’d under water : 
for Drebell conceiv’d, that it is not the whole body of the air, but a cer- 
tain {pirituous part of it, that fits it for refpiration ; which being fpent, the 
remaining grofler body of the air, is unable to cherifh the vital flame refi- 
ding in the heart. So that, befides the mechanical contrivance of his boat, 
he had a chymical liquor, which, by unftopping the veffel wherein it was con- 
tain'd, the fumes of it would {peedily reftore to the air, foul'd by refpira- 
tion, fuch a proportion of vital parts, as would make it again fit for that 
office ; and having made it my bufinefs to learn this ftrange liquor, his re- 
lations conftantly affirm’d, that Drebell would never difclofe it, but to one 
perfon, who himfelf told me what it was. Ihave, therefore, been fome- 
times, inclined to fuppofe, the air neceflary to ventilate and cherith the 
vital flame, which fome imagine to be continually burning in the heart : 
for that, in our engine, the flame of a lamp will vanith almoft as foon af- 
ter the exfuction of the air, as the life of an animal. We-have made a 
hard body, in the form of a clove, but twice as Jong, and proportionably 
thick, of fucha compofition, that if it be kindled at the upper end, it se 
| mo 
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moft certainly burn away to the bottom, much better than a match: thisPseumazics. 
we often convey’d, kindled at the upper end, into a {mall receiver ; but ftill 1 
found, that tho’ prefently, upon the exfuction of the air, it would leave 
{moking, and feem quite gone out ; and again begin to {moke, as foon as 
the air was let in upon it; yet, ifthe air were kept out but four or five 
minutes, the fire would be totally, and irrecoverably extinguifh’d. And, q 
conveying a fmall lamp into a large receiver, with highly rectified fpirit of j 
wine, we could not, upon feveral trials, make the flame laft two mi- 
nutes, after the air was beganto be drawn out. This latter opinion, how- 
ever, has its difficulties: for tho’, inthe hearts of many animals, the blood: 
be a warm liquor, and, in fome, even hot; yet it is hard to conceive either 
how the air can get thither; or how, in cafe it could, it fhould increafe the 
heat: fince, however the air may increafe the heat of a coal, by blowing 
off the afhes, and-making the active corpufcles penetrate farther into the 
kindled body, and fhatter it the more ; yet hot liquors have their heat al- 
lay'd, by air blown on them. And, fince fome naturalifts think the heat. 
refiding in the heart, to be a true flame, but temperate as the flame of {pi~ 
rit of wine ; which will long burn upon fine linen, or paper, without con- 
fuming them ; I wifh they had been more curious to make different trials 
with that liquor. For the flame of highly rectified fpirit of wine, will 
not only confume paper, and linen; but Ihave ufed it in lamps, to diftil 
liquors out of tall cucurbits, and found that it gave, at leaft, as great a. 
heat, as oil: nay, I have readily melted crude gold, with the bare flame 
of this fpirit. 

Dr. Harvey demands, “ why a foetus, even out of the womb, if involv’d 
*¢ in the fecundines, may live, for a confiderable time, without refpiration ; 

“ yet, ifafter having once began to breathe, its refpiration be ftop’d, it 

 prefently dies? ” We pretend not to folve this problem, but made the fol- 
lowing experiment with a view to it. We caus’d a bitch. to be ftrangled, 
that was almoft ready to whelp; and prefently opening her, found four 

puppies ; one of which we freed from the coats that involv'd him, and. 

from the liquor wherein he {wam, and obferved, that he quickly open’d. 
his mouth very wide, mov’d his tongue, and exercis’d refpiration. hen: : 
we open’d both his abdomen, and cheft, and cut the diaphragm afunder ;. 
notwithftanding which, he feem’d often to endeavour at refpiration, and: 
remarkably mov’d the intercoftal mufcles, part of the diaphragm, the mouth. 
and tongue. But being defirous to try whether the other young ones, 
that had not yet breath’d at all, would long furvive this; we took them) 
out, and having open’d them, found none of them fo much alive as to. 
have any perceptible motion in their hearts; whereas the heart of that which 
had once enjoy’d the benefit of refpiration, continued its. motion.fo long,. 
that we obferv’d the auricle to contract, after five or fix hours ; and. it. 
continued about two hours longer. 

It is much doubted, whether fifth breathe under water. That fuch as: 
are not of the whale kind, have no refpiration, as’tisexercifed by beafts, and. 
birds, may be argued from their having no cavity in their hearts, ae 

apa ae their. 
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ee antcs their want of lungs, whence they are obferv’d te be mute; unlefswe fay, 

| that their gills anfwer to lungs. But that air is neceflary even to the lives 
of fith; and that therefore, ’tis probable, they have fome obfcure kind of 
ref{piration, feems manifeft from obfervations, and experiments. Several 
authors tell us, that fith foon die in ponds, and glatles quite fill’d with 
water, if the one be fo frozen over, and the othe: fo clofely ftop’d, that 
they cannot enjoy the benefit of the air. And our engine hath taught us, 
that many little parcels of inter{perfed air, lurk in Water; and this, per- 
haps, fifh may make fome ufe of. 

Removing. a large eel, out of a veftel of water, into our great receiver, 
we caufed the air to be evacuated, and obferv’d, that after fome motion 
in the glafs, fhe feem’d fomewhat difcompofed, and, at length, turn’d up 
‘her belly, and afterwards lay altogether movelefs, as if quite dead ; but 
upon taking her out of the receiver, fhe fhew’d herfelf as much alive as before. 

But, indeed, a large grey houfe-fnail, being clos’d up in one of our 
{mall receivers, neither fell down from the fide of the glafs, upon draw- 
ing out the air ; nor was fomuch as depriv’d of progreffive motion there- 
by: tho’, except this, we never put any living creature into our exhaufted 
receiver, but what gave figns of death. , 

_ LMippocrates, and fome learned phyficians of late, fuppofe, that a fetus 
refpires in the womb; but it feems very difficult to conceive how air 

fhould traverfe the body of the mother, and the teguments of the child: 
and fince nature hath, in new-born infants, contrived peculiar temporary 
veflels, that the blood may circulate thro’ other paflages, than it does in 
the fame individuals, when they come to have the free ufe of their lungs, 
“tis improbable that the foetus in the womb fhould properly refpire: but, 
then, fince our experiments have manifefted, that almoft all kinds of liquors, 
as well as water, abound with interfperfed corpufcles of air, it feems not 
altogether abfurd, that when the foetus is grown big, it may exercife fome 
obfcure refpiration ; efpecially fince children have been heard to cry in 
the mother’s womb. And I know a young lady, whofe friends, when the 
once went with child, complain’d to me, that fhe was feveral times much 
frighted with fuch cries ; which, till I difabufed her, fhe, and her friends, 
look’d upon as portentous. And tis no very unfrequent thing, to hear 
the chick pip in the egg, before the fhell 1s broken. This, however, I only 
bring as a probable argument, till Ican difcover whether the motion of a 
rarified fubftance, tho’no true air, may not, at the top of the larynx, pro- 
duce a found; fince the blade of a knife, held in feveral poftures, in the 
_ ftream of the vapours that iffues out of an xolipile, will afford various and 
very audible founds. Ihave, alfo, had thoughts of trying to make 4 
large receiver, with little glafs windows, capable of holding a man, who 
may obferve feveral things as to ref{piration, os, and, in cafe of fainting, 
may, by giving a fign, be immediately relieved with freth air. And it 
feems not impoffible, that fome men, by ufe, may bring themfelves to 
fupport the want of air a pretty while ; fince we fee ‘that feveral will live 
much longer than others under water. Lhofe who dive for pearls in 
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the We/t-Indies, are reported to be able to ftay a whole hour under water: Pxeumarres. | 


and Cardan telis us of one Colanus, a diver in Sicily, who was able to con- 
tinue there three or four times as long. We have, alfo, often feenin Exg- 
land, a corpulent man, who defcends tothe bottom of the Thames, and 
thence brings large fith, alive in his hands, out of deep holes ; as Acofta tells 
us, he faw in Peru, the like manner of fifhing practifed by the Zudians. 

~ ‘However, there are but few men, who, even by ufe, can fupport, for ma- 
ny minutes, the want of air : a famous diver, of my acquaintance, tells me, 


that at the depth of 50 or 60 feet under water, he cannot continue a- 


bove two minutes, without reforting to the air which he carries down 
with him in an engine. He, alfo, told me, that by the help of {punges 
dip'd in oil, and held in his-mouth, he could much longer fupport the 
want of refpiration, under water, than without them: the true caufe of 
which, would, perhaps, if difcover’d, hint the nature of refpiration 
in fifh. Butthe neceffity of air to the greateft part of animals, unaccufto- 
med to the want of it, may be beft judg’d of by the following experiment. 


We convey'd a bee, a flefh-fly, anda byes je into one of our {mall. - 


receivers, and, upon exhaufting thereof, obferv’d, that the bee and the fly 
fell down, and lay with their bellies upwards, and that the worm feem’d to. 
be fuddenly ftruck dead ; all of thenr lying without motion, or any other 
difcernible fign of life, in lefs than one minute ; notwithftanding the fmall- 
nefs of the animals, in proportion to the receiver, which, too, was not free 
from leaks: but we had no fooner re-admitted the air, than all the three in-- 
fects gave figns. of life, and, by degrees, recover’d. When we had again: 


drawn out the air, their motions prefently ceafed, and they fell down, feem-- 


ingly dead, as before ; continuing movelefs, as long as, by pumping,.the veffel- 


was kept exhaufted. Herein appears the wife conduct, and goodnefs of 


the creator, who, by giving the air a {pring, hath made it very difficult to- 
exclude a thing fo neceflary to animals. And here we may. fufpect,, that 
if infeéts have no lungs, nor any part anfwering thereto, the ambient air 


affeéts, and relieves them, at the pores of their skin; for, as. Hippocrates 


well faid, ‘‘a living body is every where perfpirable.”” “Thus the moifter- 
parts of the air readily infinuate themfelves into, and recede. from the 
pores of the beards of wild oats, and of other wild plants, which almoft 
continually wreath and untwift themtelves, according to the lighteft . vari~- 
ations in the temperature of the-air. 

We, particularly, took notice in this experiment,. that, when, at any 
time, upon the re-admiffion of the air, the bee began to recover, the. firft. 
fign of life fhe gave, was a vehement panting, which appear'd. near the 
tail; the like we have obferv'd in bees drown’d in water, when they firft 
come to be revived, by a convenient heat; as if the air were, in one cafe, 
as proper to fet the fpirits, and alimental juice in motion, as heat,, in the 
other. : 


man always excepted, areakind of very curious machines. For, here we 
fee animals lively, and perfectly found, immediately deprived. of motion, 


and. 


This experiment, alfo, feems to manifeft, that, even living ereatures,. 
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Pxrywariess and all difcernible figns’ of life, and reduced to a condition that differs 
eyes from death, only, in being not abfolutely irrecoverable: and this is per- 
form’d without the leaft external violence; more than is offer’d to a wind- 
mill, when, the wind ceafing to blow on the fails, all the feveral parts 
remain movelefs, and ufelefs, till a new breeze puts them again. into 
motion. 

’Tis known, that bees, and fome other infeéts, will walk, and fly, fora great 
while after their- heads are off, and fometimes one half of the body will, for 
feveral hours, walk up and down, when it is fever’d fromthe other; yet, upon 
the exfuction of the air in this experiment, not only the progreffive motion of 
the whole body, but the very motions of the limbs immediately ceafe; as.if 
the air were more neceflary to thefe animals, than their own heads. 

But, in thefe infeéts, that fluid body, in which life chiefly refides, 
feems nothing near fo diffipable, as in perfeét animals. For, the birds 
convey'd into our {mall receiver, were, within two minutes, brought paft 
recovery ;. but, we were ufable to kill our infeéts, by the exfuction of 
the air: for, tho’as longas the pump was kept working, they continued 
immoveable, yet, when that refted, the air, which’ prefs’d in, at the un-- 
perceivd leaks, flowly reftored them to the free exercife, and funétions of 


life. Without denying, then, that the air may be, fometimes, very ufe+ _ 


ful, by condenfing, and cooling the blood, that pafleth thro’ the lungs; I 
am of opinion, that the depuration of that animal fluid, is one of the 
ordinary, and principal ufes of refpiration. 
sag h oll 42. Having entertain’d a fufpicion, that the a€tion of corrofive liquors 
* Strunms dependsin diffolving bodies, may be confiderably varied by the gravitation, or pref- 
| ii a ald fure of the incumbent air, and the removal of it ; I examined: my conjec- 
ture by the following experiment. 

I caft ten whole pieces or fprigs of red coral, into as much. fpirit 
of vinegar as reach’d an inch above them ; then putting thefe, toge- 
ther with the menftruum, into a long-neck’d vial, whereof they fcarce 
fill'd a third part, we convey’d that vial into one of our {mall receivers, 
and having faiten’d on the cover, we let the liquor remain unmov’d a while. 
But finding, there only arofe, as before, a number of {mall bubbles, that 
caufed no fenfible froth upon the furface of the vinegar ; we made two or 
three exfuctions of the air, upon which there rofe, from the coral, fuch a 
multitude of bubbles, as made the whole body of the menftruum appear 
white ; and foon after, yieldeda froth, equal in magnitude to the reft of the 

liquor ; the menftruum plainly appearing to’boil: tho’, if we defifted but 
one minute from pumping, the decreafe of the froth, and ebullition, upon 

the getting in of a little air, at fome leak or other, feem’dto argue, that 

the’ removal of the preffure of the external air, gavé occafion to this effer- 

vefcence. But, for farther fatisfaGtion, we let in the external air at the 
ftop-cock, when, immediately, the froth vanifhed ; and fo many of the 

bubbles, within the body of the liquor, difappear’d, that it loft its white- 

nefs, and became tranfparent again; the menftruum, alfo, working as 
languidly upon: the coral, as before they were put into the receiver: but 
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_ when we had again drawn out the air, firft the whitenefs re-appear’d, and Pre 
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then the ebullition was renew’d; which, at length, grew fo great, that, 
for three or four times fucceflively, when the air was let out of the re- 
ceiver into the emptied cylinder, the froth overflow’d the glafs, and ran 
down the, fides of it: and yet, upon re-admitting the excluded air, 
it grew, immediately, calm and traniparent ; asif its operation upon the 
coral, had been facilitated by the exfuction of the incumbent air; which, 
on its recefs, left it eafier for the more active parts of the liquor to fhew 
themfelves, than whilft the preffure of the air continued. It may, indeed, 
be fufpected, that thofe vaft and numerous bubbles preceeded not from the 
action of the. menftruum upon the coral, but from the fudden emerfion of 
thofe. many little parcels of air, which are difperfed) in liquors; but, 
having had this fufpicion before we made the experiment, we convey'd our 
diftil'd vinegar, alone, into the receiver, and kept it a while there, to free 
it from its bubbles, before ever we put the coral into it. It may be fuf- 
pected, likewife, that the agitation of the liquor, confequent upon fhaking 
the glafs, by pumping, might occafion the ebullition; but, upon trial, there 
appear’d no confiderable change in the liquor, or its operation, tho’ the 
containing veflel was fhaken, if no air were drawn out. ‘The experi- 
ment was again made in a {mall receiver, upon coral grofly powder'd, 
with a fuccefs very like the former; only the coral, being now reduced to 
{maller parts, fo many little lumps of it would, upon the ebullition of 
the liquor, be carry’d, and buoy’d up, by the emerging bubbles, as fome- 
times to darken the vial; tho’ they would fall again, upon letting in the 
air. We muftnot omit, that, when the fpirit of vinegar was boiling upon 


the coral, we took out the vial, but could not find that the liquor was fen- 


fibly hot. 
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43. We caufed water to be long boil’d, that it might be freed from its The ebllition of 
warm tguors 12 


air; then, almoft filling a four-ounce glafs-vial with it, we convey'd that, V2c0, 


“whilft the water was yet hot, into a {mall receiver; and having luted on 


the cover, the air was drawn out: upon the two firft exfuctions, there 
{carce appear'dany change inthe liquor; nor was there any great altera- 


-_tion-made by the third; but at the fourth, and afterwards, the water 


-appear’d to boil in the vial, as if it had ftood over a very ftrong fire ; for 


the bubbles were much greater than are ufually found, upon the ebullition 


of large quantities of water. And this effervefcence was fo great, that, 


the liquor, boiling over the top of the neck, much of it ran down into the 
receiver, and, fometimes, continued to boil there. In profecuting the ex- 
periment, we obferv’d, that, fometimes, after the firft ebullition, we were 
obliged to make feveral exfuCtions, before the liquor could be brought to 


boil again: but, at other times, as often as the air was fuffer’d to pafs 
" ° . oe ° ‘ ‘> na 
from the receiver into the pump, the effervefcence would begin afrefh; tho 


the pump were ply’d for a pretty while together: which feem’d to argue, 
that the boiling of the water proceeded from hence, that, upon with- 
drawing the preflure of the incumbent air, either the fiery corpufcles, or 
rather the vapours agitated by the heat in the water, were permitted 
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Pxzumarics. oyeatly to expand themfelves in the evacuated receiver ; and, in their tus 
multuous dilatation, lifting up the higher part of the water, and, turning it 
into bubbles, made it appear to boil; for the effervefcence was confined to 
the upper part of the water; the lower remaining quiet, unlefs the liquor 
were but fhallow. And tho’, fomeétimes, as we faid, the ebullition be+ 
gan again, after it had ceafed a pretty while ; whence it feem’d that fome 
concurrent caufe did a little modify the operation of heat; yet, when the 
water, in the vial, could, by pumping, be brought to boil no more, the 
fame water, being, in the very fame vial, convey’d back to the re- 
ceiver, was quickly brought to boil afrefh, with vehemence, and for a 
confiderable time ; whilft' a new parcel, taken out of the fame boil’d wa- 
ter with the former, and put in cold, could not, by pumping, be brought 
to fhew the leaft effervefcence. And hot fallet-oil fhew’d no effervefcence 
-in our receiver ; but the chymical‘oil of turpentine was prefently made to~ 
boil up, till it reached four or five times its former height in the vial ; and 
continued boiling, till it was almoft but luke-warm. ‘Wine, alfo, being 
convey d in hot, did, at the very firft’exfuCtion, begin to boil fo vehe- 
mently, that, in a fhort time, while the pump was kept moving, four parts 
of five boil’d over the vial, tho’ it hada long neck. And even of the wa- 
ter itfelf, near one half would, fometimes, boil over into the receiver, be- 
fore it became luke-warm. It was, alfo, remarkable, that once, when. 
the air had been drawn‘out, the liquor did, upon a fingle exfudion, boil 
fo long, with prodigioufly vaft bubbles, ‘that the effervefcence:lafted almoft 
a quarter of a minute. Hefice it appears, that the air, by its ftronger, or 
weaker preffure, may very much thodify feveral operations of that vehe- 
ment and tumulttious agitation ofthe fmall parts of bodies, wherein ‘the 
nature of heat feems to confift: fo that if a heated body were convey’d 
above the atmofphere, “tis probable, that the heat would have a ‘different — 
operation, as to the power of diffipating the parts of it, from what it hath 
here below. | 


aos > EPC Pl HAL 
The air-pump J. PAving now prefented my great engine to the royal fociety, I was 
ed. a obliged to ‘procure another ; wherein, tho’ the corftruétion, in gené- - 


ral, be the fame in both, there were fome alterations, and improvements 

made. 7 

Fig.42 & 43. _ Lhe figures reprefent this erlgine, as ready for work ; and, becaufe the 
fucker is to be always under water,and the perforation P Q, that is continu’d 
perpendicularly quite thro’ it, and ferves, together with the ftick RS, for 
a valve, isto be ftopp’d at the bottom of thecylinder, asat NO, when "tis 
full of water ; *twas requifite to make the ftick R P, two or three feet long. 
‘But the chief thing is, that, in the fecond figure, the pipe AB, whofe end 
B, bends upwards, lies in a,groove, purpofely made, in the flat woodén 
board CDEF, on which the receivers are to reft. ‘This fquare board, I 
caufed to be overlaid with very ab cement, on which was applied a — 
ftrong plate of iron, of the bignefs and fhape of the board, leaving only a — 

| | ay | {mall — 
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Phyfico-mechanical Experiments. 475 
fmall hole, for the ereét part of the pipe to come out at; which I added, Psevsaries. 
not only to keep the board from warping, but becaufe the preffure of the | “4 
atmofphere on the fide of it, when there is none, or very little, on the | 
other, will enable many aerial particles to ttrain thro’ the wood, tho’ 
thick, and moiften’d with oil. ‘Yo this iron-plate, we can fit a lip, turn-_ 
ing up about it, to prevent the water, that, on fome occafions, comes from 
the receiver, from falling on the floor. And, by the way, tho’ the ftop~ 
_ ecck GHIK, that belongs to the pipe, may be inferted at I, into the 
cylinder LM NO, by the help of folder; yet we chofe to have the branch 

I, of the ftop-cock, made like a fcrew, which, being once firmly fitted to 
the barrel, is not apt to be broken off, and may be more eafily mended, 
if any thing happen to be out of order; which the engine is moft liable to, 
in, or about the pipe. : 

The fquare, and hollow wooden part of this engine difcernible in the 
firft figure, is fo made, not only to contain the cylinder, but as much 
water as will always keep it quite covered, by which means, the fucker - 
lying, and playing always under water, is continually kept plump, and 
turgid ; and the water being ready to fill up any little interval, that may 
happen, between the fucker, and the infide of the barrel, farther conduces 
to keep out the air. But, if great care be not taken in turning the ftop- 


cock, the water will be impell’d into the receiver, and prejudice feveral “a 
experiments, when the included bodies may be fpoil’d, or impair’d by that ; 
liquor. ‘ 

The flat plate, lately mentioned, has this great conveniency in many ex- ~ % 
periments, that the receiver needs no ftop-cock of itsown; for fuch a vef- ee 
fel being made of an entire piece of glafs, and laid upon the plate, well : 
cover’d with cement, can better keep out the air, thanif there were a sts 
ftop-cock, at which the air too frequently gets in. . Bi: ‘ 

A good cement, wherewith to faften the receivers to the iron-plate, isa ‘ 


thing of great moment in making the following experiments, and we employ 
different compofitions for different purpofes ; but, in general, only a mixture | 
of bees-wax and turpentine, made with equal parts for the winter, and ‘ 
three parts of the former to two of the latter, for the fummer. ; | 
1. We took a vial with a finall neck, and having fill’d about a fourth part of Mercury rais'a 
it with quick-filver,we fo erected, and faften’d along and flender pipe of glafs, 2 feliring of | 
open at both ends, in the neck thereof, with hard fealing wax, that the lower air. . 
end reach’d almoft to the bottom of the quick-filver, and the upper more than "8: 4+ 
a yard above the vial ; then, having blown in a little air, we convey’d-the 
whole into a long flender receiver: upon evacuating whereof, we found, 
that the fpring of the air included in the vial, impell’d the quick-filver into 
the ereéted pipe, to the height of 27 inches ; and fuffering the external air 
to return into the receiver, the quick-filver fubfided inthe tube, fometimes 
almoft, and fometimes quite as low as the ftagnant mercury in the vial. 
This experiment we made feveral times; and having once blown in fo much, 
air, that what wasin the cavity of the vial rais’d and kept the quick-filver 
Ppp 2 : three 


y . 
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Purumarics three inches high in the pipe, we found, by emptying the receiver, that the 
quick-filver rofe 30 inches, or more, above that in the vial. | 

Sometimes it may happen, thatthe mercury, when taken very foon out 
of the receiver, will not appear to have fubfided to its firft {tation; which 
is not to be wonder’d at ; fince, in a receiver, containing but little air, the 
heat of the cement, and of the iron employ’d to melt it quite round the 
olafs, may impart a little warmth to the air in the vial, which will, after- 
wards return to its former temper. : 

’ Tis very remarkable, if the receiver be properly ftopp’d and flender e- 
nough, that upon the turning of the ftop-cock to let out the air at the firft 
exfuction, the mercury will be impell’d up by the {pring of that in the vi- 
al, fo as to rife feveral inches above the height it will afterwards reft at, 
and make feveral vibrations up and down before it comes to fettle,; juit as 

«the mercury does in the Torricellian experiment : and fuch motions of the 
mercury will be made for four or five chaste exfuctions ; but they grow 
gradually lefs, as the {pring of the included air is weaken'd. 

At the firftexfu@tion, when the {pring of the included air was yet ftrong, 
we found the mercury would be rais’d above half, if not } of the whole 
height, whereto ‘twill, at length, afcend: but the fubfequent ftrokes add 
a le{s proportion of height to the mercurial cylinder, fucceffively 5 becaufe 
the more mercury is impell’d into the tube, the greater weight prefles 
upon the included air; and becaufe the air hereby gains the more room, 
jn the vial, to expand itfelf: whence the {pring mut be, proportionably, 
weakned. 

Laftly, in making of thefe trials, I obferved the mercury in a good ba- 
rometer, and found its greateft height twenty-nine inches, and+; and 
foon after we had finifhed, but twenty-nine. 

To eftimate the quantity of air, that had raifed the quick-filver to 
twenty-feven inches ; we counterpois’d the vial, employ’d. about this ex-_ 
periment, whilft it was empty ; afterwards filled it with water, and found 
the liquor to weigh five ounces, two drams, and twenty grains ; then having 

our’d out the water, till it was funk to a mark, we made onthe outfide 
of the glafs, we weigh’d the remaining water, equal in bulk to the quick- 
Giver, and found it one ounce, two drams, fourteen grains: fo that the 
. ° pe b ° 
air, which had rais’d up the mercury, poflefsd, before its expanfion, the — 
{pace but of four ounces, and a few odd grains inthe vial. The bore of 
the pipe ufed in this experiment, was about = inch in diameter, 
Mush included 2, Into a ftrong glafs bottle, capable of holding a quart, we puta con- 
gh railes mr venient quantity of quick-filver, and erected in it a very long flender pipe 
(eal fandard of of glafs, open at both ends, and reaching with the lower beneath the fur- 
the barometer foe of, the ftagnant mercury ; and having well cemented this pipe in the 
neck of the bottle, we conveyd the whole into a receiver, much larger 
than the former; and then the engine being work’d, the quick-filver was 
prefently rais’d to a greater height than before ; and when it ftood ftill, 
we, by the help of fome marks made before-hand on the pipe, and a 
very Jong and well-divided ruler, carefully meafured the height = the mer- 
curial 
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curial cylinder, which we found to be 29 inches and about 7; but dedudt- Pxeumarics. 
ing half an inch, which was rais’d, before we employ’d the pump, by fome 

air, that had been blown into the bottle, to try whether it were ftanch, 

there remain’d 29 inches and near + for the heizht of the mercury rais’d 

by the {pring of the air fhut up in the bottle ; and then, confulting the baro- 

meter, which ftood in another part of the houfe, I found the weight of 

the atmofphere {uftain’d a mercurial cylinder, of about twenty-nine inches, 

and a halt. ate | 

We caufed the pump to be well ply’d, to try whether the quick-filver 
would not rife higher ; but were confrm’d, that the {pring of the air was 
infufficient for that purpofe. ace: 

3. Taking the glafs-bottle, ufed in the former experiment, and ereCting The fpring of in- 
in it, after the. manner above-defcribed, a cylindrical pipe of glafs, much pin gi } 
larger than the other ; we profecuted the experiment, as with the flenderto 4» equal 
tube before-mention’d, and found, that, by the fpring of the air in the nse, 
bottle, the quick-fiiver was raifed twenty-eight inches, and one eighth ; 
that is, above an inch fhort of the mercurial cylinder in the barometer, at 
the fame time ; a difference no greater than I expected ; confidering the 
weight of the atmofphere, remains the fame, when the mercury is at its 
full height, in a. feal'd tube, whether great or {mall; whilft the {pring of 
our included air muft needs be weaken’d, the larger the tube, and the 
higher the mercury is impell’d in it. Whence, ’tis confiderable, that the 
{pring of fo little air fhould raife the mercury within an inch as high in a 
wide, as in a flender tube; for the diameter of the bore of the former, 
was double to that of the latter : and the greater mercurial cylinder may 
be fuppofed to have weigh’d near four times as much as the lefs ; allow- 
ance being made for an inch difference in their heights. But, in cafe thefe 
had been equal, then the folidity of the cylinders would have been as their 
bafes; thatis, as the fquares of their diameters, or as I to 4. ¢ 

We thought it worth trying, whether, when the included air had 
raifed this great cylinder of mercury to the utmoft height it could, by the 
{pring it then had, heat would not force it ftill higher. And, having 
caufed a hot iron, and a fhovel of kindled coals, to be held near the oppo- 
fite parts of the receiver; we perceived, after a while, that the mercury 
af{cended one eighth of an inch, or more, above the greateft height it had 
reached before ; and, caufing the pump to be ply’d again, to withdraw the 
air I fufpetted to have ftole in; the mercury was quickly raifed five 
eighths of an inch, by virtue of the additional force which the included 
air acquired by the heat. 

4. We took a glafs-bottle, furnifhed with a convenient quantity of wa-4 fountain 
ter, and fitted it witha flender glafs-pipe, about three feet long, open at fying ye 
both ends; which was fo placed, that the lower orifice reached. far be-<ombreled airs 
neath the furface of the water, and the pipe itfelf pafled, perpendicularly, * 
upwards, thro’ the neck ; which, by the pipe, and hard cement, was fo 
firmly clofed, that no water, or air, could get out of the bottle, or ex- 
ternal air get into it, but by paffing thro’ the pipe. ‘This inftrument 

we 
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| Pxeumartes. we convey’d into a large receiver, fhaped like a pear ; of which a great 
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part of the obtufe end, and a {mall portion of the fharp one, were cut off’ 
by feétions parallel to the horizon: ‘And, becaufe this receiver was not 
long enough to receive the whole pipe, there was cemented on, to the up- 
per part of it, a {maller, of fuch a length and bignefs, that the higher end 
of the pipe might reach to the middle of its cavity; and that the motions 
of the {pringing water might havea convenient ‘fcope, and be the better 
obferved. es | | 
This double receiver, being cemented on to the engine, a little of the air 
was, by one ftroke of the pump, drawn from it; by which, the preflure of 
the remaining air being weaken’d, that included in the bottle, haying not 


its fpring, likewife, weaken’d, expanded itfelf; and, confequently, im- 


ell’d up the water, in the fame bottle, thro’ the pipe, fo as to make it 
ftrike briskly, at firft, againft that part of the top of the fmall receiver, 
which was juft over the orifice of the tube. But, after the water was, 
for a while, thus forced up, in a perpendicular line, it would be impell’d 
up lefs ftrongly, and lefs dire€tly, till the air, ‘in the bottle, being as much 
expanded, as that im the receiver, it quite ceafed to afcend, unlefs by 
pumping a little more air out of the receiver, we renew’d it again. The 
other figure is defigned to reprefent the difference that would happen, 
if, inftead of making this experiment with water, it were made with 
quick-filver. | 
In making this experiment, “tis convenient that the upper part of the 
pipe be very flender ; whence the water, having but.a very {mall orifice 
to iffue out at, may be {pent but flowly, and thereby make the experiment 
lat fo much the longer: or, inftead of making the upper part of the pipe 
flender ; a top, confifting of three, or more, very flender pipes, with a 
{mall hole at the end of each, may be cemented on to it ; that one of thefe, 
pointing direétly upwards, and the others to the right hand, and to the 
left, the water may fpin out feveral ways at once;, by which kind of 
branched pipes, we have, fometimes, imitated a Fer dean, and the artificial 
fountains of gardens, and grotto’s. | 
Hence we infer, that, had we not wanted convenient veffels, we might, 
by the preffure of the air, included in the bottle, have raifed water four- 
teen times as high as we did quick-filver in the former experiment ; fince, 
upon weakening the preffure of the air, but a little, in the double receiver, 
that within the bottle was able to impel the water, forcibly, and for a 
confiderable time, to the top of a pipe a yard long, and higher. 
Hence, too, it appears, that, in thofe hydraulo-pneumatical engines, 
where water is placed between two parcels of air, the water may be 
put in motion, as well by the mere dilatation of one of the parcels, 


vas by giving’a new fotce by heat, or compreffion, ‘to the other. And, 


whether this mechanical principle of motion may not prove ufeful in en- 
gines, we leave to be confider’d. i 
“But if, when.fome of the air had been pumped out of the receiver, we _ 
removed that double veflel from the bottle, the external air would, by its 
weight, 
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weight, ‘fuddenly deprefs-the water in the: pipe, till; having’ driven jt to P* 


the very’ bottom, it afcended in numerous bubbles thro’ the water, ‘and 


joined it felf with the air incumbent on that liquor. "Iwas here obfer- . 
vable; that all the external air, which got into the bottle, did not come: 


in fuddenly; but, after the firftirruption, we could perceive, from time 
to time, new portions of air, “leifurely. infinuate themfelves. thro’’ the 


pipe’ into the bettle, and emerge thro’ the ftagnant water in bubbles. 
iy p ? § $ 3 


that fucceeded one another very flowly ; asif the {pring of the included 


ait, having ‘been once deprived of its natural conftitution, by its late 


are 


expanfion, ‘could be but gradually reduced to it, by the weight of, the 
atmofphere, which was ftill the fame ; or rather, as‘if between the {pring 


of the included, and the preflure of the external air, balancing each other, 
there happen’d fome fuch thing as: is ‘obfervable in feales, of which one: 


is too much deprefs’d 5 whilft the motion becomes flower, as the weights 
are nearer to an equilibrium. | | 

But, our principal defign, in this ‘experiment, was to obferve, whether 
the lines made by the water, in its efflux, would retain the fame figure, 


-notwithftanding the rarifaction'of the ‘air, inthe upper part of the recei- 


ver; and, for this purpofe, it is beft to make the obfervation towards the- 
latter-end of the experiment ; becaufe, then, the receiver being moft ex—- 


haufted; the difference, made ‘by the change of the denfity of the me- 


dium in’which ‘the ftreams of water move, is likely to be beft difcern’d.. 


iAnd this: convenience we had, by our way. of making the experiment, that 


we could obferve the lines, defcribed by the flowing water, as the projeétion : 
thereof ‘crew fainter. But,’ for'want of a large upper receiver, we could. 
not be fatisfied in the nature of the curve ; tho’ both Dr. Wallis, and ny: 


| felf, foundat’ to be, fometitnes, part ofa parabola. 


5. We provided a'brafs’ ring of a’confiderable thicknefs, in’ height three Fiat glapesbroke- 
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inches ; and the diameter of its cavity, as well at the upper as the lower /y. the weight of. 


thereby made the ring a kind of'receiver, whofe open orifice we carefully. 


cemented on to ‘the engine; and found, that ufually, at the ‘firft exfuétion, . 


_ the -glafs plate’ would be’broken ‘inwards, ‘with fuch violence, ‘as ‘to be 


fhatter’d into a’ great multitude of {mall fragments; and ‘the irruption. 


of the external air, driving in the glafs conftantly, made a ‘loud report, 
like that of a‘piftol. 


nyt tel ciniy ' “ars . ’ ge : “ the atmofpheres 
orifice, ‘was'‘fomething more than three inches. “To this ring we fuccef- 


fivély faiten’d, with cement, feveral round pieces of window-glafs, and. 


6. If, inftead of the brafs-ring, above-mention’d, ‘both orifices whereof Vi 12¢ af 


Siftance of a 


are equal in breadth, you employ a taller hollow’piece of brafs, or‘latton, Fuga vacuis . 


fhaped like'a truncate cone; and the two orifices be made: very unequal ; 


as if the larger be as wide as that of our brafs ring, and the ftraiter were: 
-tefsthan.an inch in diameter ; and this piece of metal be made ufe of, as. 
_that in the preceding experiment the flat.gla{s will be eafily broken when : 
cemented.tothe wider orifice: but, if :the marrower-orifice.be turn7d up- 
ward, the glafs thereon, if itbe of adue-ftrength, tho’ no thicker than: 
the former, notwithftanding the air is withdrawn ‘from beneath it, will. 
remain : 
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| Pseomarics.remain entire: which fufficiently argues, that nature’s abhorrence of a 
—— ‘ vacuum, is not the cauife why glafles are ufually broken in fuch experi- 
_ ments, fince, whether the wider, or narrower orifice be uppermoft, and co- 
ver’'d, the capacity of the exhaufted veflel, will be equal; and therefore 
nature cught to break the glafs, in one cafe, aswell asthe other... 
This' phenomenon, therefore, is more properly. explaind, by -faying, 
that when the wider orifice lies: uppermoft,. the glafs that covers it, mutt 
ferye.for the bafis of a large column of the atmofphere, which, by its great 
weight, may eafily force thro’ the glafs ;, whereas, when the {maller orifice . 
is uppermott, there refts upon its cover, fo, flender-a pillar of ,air,.as can- 
not, by its weight, furmount: the natural cohefion of the parts of the glafs. 
ie Piven Dledders. et We feldom fail’d of burfting blown. bladders; in-our exhaufted re- 
Dok of ihe aiy ceiver, by tying their necks very clofely, and keeping them, fora pretty while, 
included in * in the glafs, whilftthe air was exhauiting, and then taking them out again ; 
that the fibres being ftretch’d, and relax’d, and the capacity, diminifh’d 
by a new ligature, tho’the air.were the fame,and the membrane being not fo 
able to yield, as before; upon the fecond exhauttion of the receiver,they would 
break far more eafily, than otherwife ; and fometimes be oddly lacerated. 
‘A confiderable 8. We took a middle-fized bladder, and having prefs’d out the air, 
weight lifted by till there remain’d but about a fourth or fifth part, we caus’d the neck 
ae islet to be very itrongly ty’d again; and, about the oppofite part of the blad-— 
a. ina der, within an inch of the bottom, we, fo, ftrongly tied another: firing, 
that it. would not be flip’d. off, by a confiderable weight hung at it. Then 
faftening the neck to the turn-key, we convey’d the bladder, and. the 
weight hanging at it, into a large receiver 3 when, by plying the pump, 
the air, within the bladder, being freed from the preflure of the air with- 
out it, manifeftly fwell’d by its own fpring, andthereby greatly fhortned 
the bladder that contain’d it, and lifted up the weight, which exceeded 15 

ounds, | 
After this, we took a large bladder, and having let out fo much air, 
that it was left lank, we faften’d the two ends of it to the upper part of 
the receiver, and hung a weight from the middle of the bladder ; then 
exhaufting the receiver, as before, tho’ the bladder, and this new weight, 
which -ftretch’d it, reach’d fo low, that, fora while, we could fcarce fee 
whether it-hung in the air or no; yet, at length, we perceiv'd the bladder 
to {fwell, and concluded it had lifted up its clog about an inch; as was 
confirm’d by the return of the air into the receiver ; upon which, the blad- 
der became more wrinkled than before ; and the weight, amounting to a- 
bout 28,pounds, defcended. 
Perhaps this experiment may conduce to explain mufcular motion *. 


'* Something has, from this hint, been , learned Dr. Pemberton, after fhewing the 
offer'd, with a very fpecious and plaufible | infufficiency ofall other methods, accounts 
fhew ofreafon, toaccount for mufcular | forit, from that fubtile medium whereby 
motion ; but when thoroughly confider’d, | the great Sir J/ Newton folves various other 
it failsin folving the phenomenon. And | phenomena of nature. rf 
the laft beft writer on this fubje&, the 
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~ 9. Alarge glafs bubble, hermetically feal’d, being put into the receiver, Prpuaatics 


and the air drawn out fomewhat more than ufual ; tho’ I had, feveral times 
obferved, that fuch bubbles would not break immediately, upon evacuating 
the receiver ; yet this continued fo long entire, after we had left off pump- 
ing, that prefuming it had been blown too ftrong, I began to defpair of 
fuccefs in the experiment; when, about four minutes after the pump had 
been let alone, the bubble furpriz’d us with breaking fo violently, by the 


{pring of the included air, that the fragments of it were dafh’d every way 


againft the fides of the receiver; and broke to powder. 


9 Glafs bubbles 
broke by the 
Spring of their 


10. Wetook the brafs-ring, lately mention’d, whereto were fitted fome Tie external 


plates of window-glafs, as covers ; and, having carefully faften’d one of 
them, with cement, to the upper orifice of the ring; and cementing the 


glafs, ferv’d for a {mall receiver, we whelm’d another over it that was large 
and ftrong ; which was alfo faften’d to the engine, with cement, after the 
ufual manner. By this contrivance, when the pump was fet on work, the 
fmall included receiver muft have its air‘withdrawn, while that, in the 
larger, could not get out, but by breaking through the glafs; fo that 
the internal air of the {mall receiver, being evacuated, the glafs plate, that 
made part of it, muft lie expofed to the preflure of the ambient air, fhut 
up ia the other receiver, without having the former affiftance of the air, 
now withdrawn, to refift the preflure ; wherefore, at the firft or fecond 


_exfu€tion of the air, included in the {mall receiver, the glafs plate was, 


by the preffure of the incumbent air, contain’d in the larger one, broken 
into a hundred pieces, which were beaten inwards into the cavity of the 
ting. | 

But to fhew that there needed not the {pring of fo great a quantity of 
included air, to break fuch glafles, we took another roundith one, which, 
tho’ wide enough at the orifice, to cover the brafs ring, and the new glafs 
plate, that we had cemented on it, was yet fo low, that it held buta fixth 
part of what the large receiver, formerly employ’d, would contain ; and 
having whelm’d this veflel, which was fhaped like a tumbler, over the lit- 
tle receiver, and well faften’d it to the engine with cement, we found, 
that tho’ the external receiver had a great part of its cavity fill’d’by that 
included ; yet when this internal one was evacuated; by an exfuction or 
two, the {pring of the little air that remain’d, broke the plate into a mul- 
titude of fragments. 

And becaufe the glafs plates, hitherto mention’d, feem’d not fo thick, 
but that the preflure of the included air might give greater inftances of 
its force ; inftead’ of the {mall metalline receivers, before employ’d, we took 
a ftrong, {quare bottle of glafs, able’to contain a pint, inverted it; and 
applied it to the engine, as a receiver; over which we whelm’d, and ce- 
mented the large one, formerly mention’d ; and fetting the pump on work, to 
empty the f{quare bottle, the figure of the veffel allow’d the preffure of the 
air, litcluded in the external ‘receiver, to crufh it intoa great number of 
pieces. : 


VoL. ik Qq | We, 


force of the {pring 
of uncomprefs’a 
air upon folid 


lower orifice to the engine, fo that the veflel, compofed of metal and 
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| Pueumarice We, alfo, took another glafs, of the fhape,and about the bignefs of the for- 


mer ; and having applied it to the engine, as before, and cover’d it with 
a receiver, that was a little higher than itfelf ; upon exhaufting the air, 
this was, likewife, broken into many fragments, fome of them very thick: 
tho’, probably, the cracks that reach’d thereto, were begun in much weak- 
er partsof the gla{s. , 

The bottoms, and the necks of both thefe {quare bottles, were entire ; 
by which it feem’d probable, that the veflels had been broken, by the 
preffure of the air againft the fides, which were not only thinner than 
the other parts, but expos’d a larger fuperficies to the lateral preffure 
of the air, than to the perpendicular. We obferv’d, in one of thefe experi- 
ments, that the veflel. did not break prefently, upon the laft. exfuction, of 
the included air, but a confiderable time-after. . 

« 'To confirm that, it is the {pring of the air, in the external receivers, 
that breaks the glaffes, and to prevent fome {cruples, we apply'd a plate 
of glafs, like thofe formerly mention’d, to the brafs, ring; but, in the ce- 


menting of it on, we placed, in-the thicknefs of the cement, a {mall pipe ~ 


of glafs, about an inch long, whofe cavity wasnot fo big as that ofa ftraw, 
and which, being left open at both ends, might ferve for,a little channel, 
for the air to pafs thro’, from the external receiver, to the. internal ; over 
this we whelm’d a {mall receiver, and then, tho’ we workd the pump 
much longer than would have been neceflary, if the little pipe had not 
been made ufe of, we found the internal receiver continue entire; becaufe 
the air, whofe fpring fhould have broken it, having liberty to pafs thro’ the 
pipe, and, confequently, to expand itfelf, into the place deferted by the 


air pump d out, thereby weaken’d its {pring too much for that pur- — 


ofe. 
4 But, either the pipe muft be made bigger, than that lately mention’d, 
or the exfuétion of the air muft not be fudden, by the pump; otherwife 
the plate of glafs may be broken, notwithftanding the pipe : becaufe the air 
contain’d in the external receiver, having a force much greater than is ne- 
ceflary to break fuch a plate, it may well happen, as I have fometimes 
found it, that if the air be haftily drawn out of the internal receiver, 
that which fhould fucceed in its room, cannot get faft enough out of the 
external receiver, thro’ fo {malla pipe ; whilft the air remaining in the fame, 
will yet retaina {pring ftrong enough to break,the, glafs. Thus, fome- 
times, when at the fame of a lamp, glafs-bubbles are blown with flender 
ftems ; if they be fuddenly remov’d out of the flame, they either break, if 


ool'd too faft; or are comprefs’d inwards, if they long retain the foftnefs 


given them by fufion. For the air in the bubble, being exceedingly rari- 
fied, and expanded, whilft the glafs is kept inthe flame, and coming to 
cool haftily, when remov’d from thence, lofes, upon refrigeration, the 
{pring which the heat had given it ; and fo, if the external air cannot prefs 
in faft enough, thro’ the too flender pipe, a fufficient quantity of air will not 
get in to refift the preflure of the atmofphere ; and therefore, if this 
preflure find the bubble yet foft, it will prefs it a little inwards, and 

! either 


is) 
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either flatten it, or make a dent, though the orifice of the pipe be left pe | 


open. | : 
11. We took a brafs pipe, bent like a fiphon, and fitted at the 


Mercury vifes 


bigger end with a ftop-cock, Oc. and to the flender end of this, we faft- to higher by jus 


end, with cement, the upper end of a cylindrical glafs pipe, about Hip ie 


bt of the at~ 


wet 
inches long, open at both ends, and having the lower. plung’d into A mojpheve impel 


veflel of ftagnant quick-filver, whofe upper fuperficies reach’d confidera-” 
bly higher than the immers’d orifice af the glafs tube: then, caufing the ,. 
pump to be work’d, the air was, by degrees, drawn out of the fiphon, * 
and, confeqently, out of the glafs tube that open’d into it ; and the ftag- 
nant mercury, proportionably impell’d up into the glafs tube, till it had 
attain’d to its due height, which exceeded not thirty inches. And, then, 
tho’ there remain‘d in the upper part of the pipe, above twenty inches un- 
fill’d, with quick-filver, we could not, by further pumping, raife it 
higher. : 

‘petite it appears, that the fancied power of nature, to prevent a vacu- 
um, has its beunds ; and thofe depending upon the fpecific gravity of 
the liquor, to be rais’d by fuétion. For, fubftituting, inftead of! the ftag- 
nant mercury, a bafon of water ; and, inftead of the many ftrokes, in vain 
employ'd, to raife the quick-filver above the height juft mention’d, ma~ 
king fcarce one exfuction, which ‘only, in part, emptied the fiphon ; 
yet the water, upon opening the ftop-cock, was not only impell’d to the 
very top of the glafs tube, but continu’d running, for a confiderable time, 
thro’ the fiphon, and thence fell upon the plate of the engine : fo that it ap- 
peard ftrange to thofe, who knew not the reafon of it, that the water 
fhould run very briskly, of its own accord, out of the leg of a fiphon ; 
which, perhaps, was not above a quarter fo long as the other. I muft 
not here omit, that tho’, fometimes, in the Torricellian experiment, I have 
obferv’d the’ mercury to ftand at thirty inches, and, now and then, above 
it ; yet the height of the mercury in our glafs tube, appear’d not to reach 
full twenty-nine inches, and a quarter. But, confulting the barometer, I 
found the quick-filver at twenty-nine inches, and one eighth ; which, pro- 


_ bably, would have been the very height of that, rais’d by the engine, had It 


been freed from bubbles. 

Hence we may conclude, that fuction will elevate liquors in pumps, no 
higher than the weight of the atmofphere is able to raife them; fince the 
clofenefs requifite in the pump of our engine, makes it very unlikely, 
that a more accurate {uction can be effected by an ordinary pump. 

Tho’ the exhaufting fiphon, ufed in this experiment, may be eafily con- 
ceiv'd by an attentive infpeCtion'of the figure; yet, becaufe I frequently 
employ it in pneumatical experiments, ’tis proper to intimate, once for all, 
that though the bended pipe itfelf, may be, on fome occafions, more con-- 
veniently made of glafs, for the fake of tranfparency ; yet, for the mot 
part, we chofe to employ pipes of brafs, becaufe the others are fo very 
fubject to break; that ’tis convenient to make the longer leg of the fi- 
phon, a little larger at the bottom, than the reft of the pipe ufually needs 
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_ ‘Pxevwarics.to be, that it may the more. commodioufly admit the fhank of-a {top-cocle, 
which isto be very carefully inferted,with cement ; by feafona bly turning and 
returning whereof, the paflage between the engine and the veflel to be ex- 
haufted, is tobe open’d and fhut ; and, laftly,thattho’ we fometimesimmedi- 
ately apply the brafs fiphon to the engine by cementing the external thank of 
the ftop-cock to the orifice of tue little.pipe, thro’ which, the exfuétion of the 
air is made ; yet the bended pipe alone, 1s fo apt to beloofen’d by the motion of 
the engine and the turning of the ftop-cock, that, for the moft part, we ufe.a 
fiphon confifting of a brafs-pipe, a ftop-ccck, anda glafs eight or ten inches 
high, and of fome fuch fhapeas isexprefled in the figure ; for, by this means, 
tho’ the exhauftion is longer in making, yet it is more fecurely and uninter- 
ruptedly carried on ; becaufe of the ftability, which the breadth of. the lower 
orifice of the glafs gives to the whole inftrument. . Befides,. not only the fi- 

- phon is thus much lengthen’d, but we may commodioufly place a gage in 
the glafs part of this compounded fiphon, to fhew, fromtime totime, how 
far the air is drawn out of the veflel to be exhaufted. bid boy5 ane 

Liquors afcend. 12, I causd to be made and inferted to the fhorter leg of the-above- 

Bishi ty tte, mention’d fiphon a fhort pipe, which branch’d itfelf equally to. the right 

et wa hand and to the left ; fo that I might exhauft two glafs tubes, at the fame 

geavities, time, and prevent any fufpicion, that the engine was not equally applied to 
both. This additional bra{s pipe, being carefully cemented into the fiphon, 
to each of its two branches were well faften’d, with the fame cement, a. 
cylindrical glafs of about forty two inches in length ; the lower orifice of 
one of thefe glaffes being immers'd in a veffel of ftagnant mercury, and 
that of the other in a veflel of water ; when care was taken, that as the 
tubes were chofen near of a fize, fo the furfaces of the two different li+ 
quors fhould be near of a height. This being done, we began to pump 
warily and flowly, till the water in one of the pipes was elevated about forty- 
two inches ; and then meafuring the height of the quick-filver in the other 
pipe above the furface of the ftagnant mercury, we found it to be almoft 
three inchees, fo that the water was about fourteen times as high.as the 
quick-filver. And, to profecute the experiment further, we very 
warily let in a little air to the exhaufting fiphon, and faw the two fluids 
proportionably defcend ; till turning the ftop-cock, when the water was 
about fourteen inches high, we thereby kept them from finking any lower, 
before we had meafur’d the height of the quick-filyer, which we found 
to be about one inch. | 5 
But, we obferv'd, that the quick-filver, for the moft part, feem’d to be 
a very little higher, than the proportion of one to fourteen required ; and 
_ accordingly, I had long before, by particular trials, found, that, tho’ 
fourteen and one be the neareft of: {mall integer numbers, that exprefs the 
proportion between the fpecific gravities of mercury and water ; yet the 
former is not quite fo heavy as this proportion fuppofes. 
This experiment evidently fhews that the fluids rofe by the weight of 
the air, and leaves no pretence of a Fuga vacui. It may alfo be made 
ufeful to eftimate the different gravities of liquors: for which pur- 


pofe, 


<i. 
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pofe, I caus’d the afore-mention’d glafs pipes, to have their ends plung’d, Pxzumarres. 
the one in frefh water, and the other in fome impregnated with a large 
proportion of fea-falt ; and found, that when the frefh water was rais‘d 
to about forty-two inches, the faline folution had not fully reach’d to 
forty. 
But, to make the difparity more evident, I prepar’d an unufual brine, 
by fuffering fea-falt to diffolve in the moift air: and, having apply’d this 
liquor, and frefh water to the two pipes, and proceeded after the former 
manner; wefound, that when the pure water was elevated to near for- 
ty-two inches, the liquor of fea-falt wanted about feven inches and one 
fourth of that height ; and when the water was made to fubfide to the mid- 
die of its pipe, the faline liquor in the other pipe was between three and 
four inches lower than that. I alfo took fair water, and a liquor made of 
the falt of pot-afhes fuffer’d to run per deliquium, and proceeding as before, 
found; that when the common water was about forty-two inches high, 
the folution wanted of thirty inches; and when the water was made to. 
fubfide to the middle of its tube, the other liquor was between fix and 
feven inches lower. | 
13. We took a ftrong elafs bottle, that would contain above a pint, and The heights 
having in the bottom of it lodg’d a convenient quantity of mercury, we van Baan 
pour’d on it a greater quantity of water; and providing two flender glafs maybe rais'd by 
pipes, open at both ends, we fo placd and faften’d them clofe by cement, ie ag Ry 
that the fhorter of the pipes had its lower orifice immers’d beneath the fur- 
face of the quick-filver, and the longer reach’d not quite fo low as that 
furface, and fo was immers’d but in the water. This done, we convey’d 
the bottle into a proper receiver, and having begun to pump out the air ; 
we took notice to what heights the quick-filver and water were impell’d 
up in their refpective tubes, on which, we had before made marks ; and 
found, that when the quick-filver wasimpell’d up to two inches, the water 
was rais’dto about twenty-eight; and when the quick-filver ftood.at a- 
bout one inch, the water ftood at about fourteen. 
14. We convey’d into a fitly fhaped receiver two glafs pipes.very une- And the beighis 
ual in length; but each of them feal’d at one end: the fhorter tube was wil fubhide ss 
‘fill’d with mercury, and inverted into a {mall glafs jar, wherein a fufhct- cuit datieg ta 
‘ent quantity of that fluid had been before lodg’d, the longer pipe. was fill'd 
with common water; and inverted into a larger glafs, which likewife con- 
tain’d a fit proportion of the fame liquor. ‘Then the receiver being clofely 
cemented to the engine, the air was pump d out for a pretty while before 
the mercury began to fubfide ; but when it was fo far withdrawn, that its 
preffure could no longer keep up a mercurial cylinder of that height, the 
‘quick-filver began to fink ; the water inthe other tube, tho’ three times as . 
long, ftill retaining its full height. But when the quick-filver was-fallen- to 
‘between three and four inches above the furface of that in the veflel, the 
water alfo began to fubfide; but fooner than according to the laws of 
ftatics it ought to have done; becaufe many aerial particles. emerging ri 
; tire." 
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Pseumaries-the body of the water to the upper part of the glafs, by their {pring con- 

curr’d with the gravity of the water to deprefs this liquor. And fo when 

the quick-filver was three inches above the ftagnant mercury, the water in 

the pipe was fallen feveral inches beneath forty-two ; and feveral beneath 

- twenty-eight, when the mercury had fubfided an inch lower. But after 

the pump had been ply’d, to free the water from the latent aerial bubbles, 
we letin the external air; and having thereby impell’d both the fluids up 
again into their pipes, and remov’d the receiver; we took them both out, 
to free them from the air, and fill’d each of them with alittle of their re- 
{pective ftagnant liquors ; then inverting them again into their proper veflels, 
we repeated the experiment, and found it to require more pumping than — 
before, to make the liquors begin to fubfide: fo that when the mercury 
was fallen to three inches, or two, or one, the water fubfided fo near to 
the heights of forty-two, twenty-eight, or fourteen inches, that we fup- 
pos'd the little differences which appear’d between the feveral heights of the 
quick-filver, and fourteen times as great heights of the water, proceeded 
rom fome aerial corpufcles yet remaining inthe water, and, by their fpring, 
when once they had emerg’d, promoting the depreffion of it. : 
ines 15. Having procured feveral tin pipes above an inch in bore, very carefully 
ei canbe folder’d together, to make one whole tube, about thirty-two feet long; and 
rais'd by attrac cas’d it over firft with cement and then with plaifter of Paris; we very 
tion, or fucking : : 
pumps. carefully cemented a ftrong pipe of glafs, between two and three feet in 
length to the upper part of it 5 and to the upper end of this pipe, by means 
of cement and a fhort elbow of tin, we very clofely faften’d another pipe 
of the fame metal, confifting of two pieces making a right angle; whereof 
the upper part was parallel to the horizon, and the other, which lay pa- 
rallel to the glafs pipe, reach’d down to the engine that was placed.onthe flat 
roof of a houfethirty feet high fromthe ground, and was to be cemented to 
the lower end of this defcending part of the pipe, whofe horizontal leg 
refted upon a piece of wood nail’dto the rails on the top of the building: 
the tube, alfo, was kept from fhaking by a board faften’d to the fame 
rails, with a deep notch for it to be inferted in. 

This apparatus being made, and the whole tube, with a pole to fuftain 
it, erected along the wall, faften’d there, and the defcending pipe carefully 
cemented on to the engine; there was placed under the bottom of the long — 
tube a convenient veflel, whereinto fo much water was pour’d, as reach’d 
far above the orifice of the pipe ; and providing, that the vefiel might 
ftill be kept competently full, we, at length, rais’d the water to the 
middle of the glafs pipe; but not without numerous bubbles, made by the 
air conceal’d in the pores of the water, which, fora time, kept a kind of 
foam upon the furface of it. And finding the engine, and tube as ftaunch 
as.could be expected ; thought fitto try what wasthe utmoft height, to 
which, water could be elevated by fuction: and therefore, tho’ the pump 
feem’d to have been fufficiently ply’d already ; yet, for further fatisfaétion, 
when the water was within a few inches. of the top of theglafs, I caus’d 
twenty exfuctions more to be fuddenly made. And, having taken ae 
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where the furface refted, we meafured the height of the cylinder of water, Pxzusarics. 
-and found it thirty-three feet, and about fix inches ; the barometer then 7 
ftanding at twenty-nine inches, and between two and three eighths of an 
inch. Now, fuppofing the fpecific gravity of water, to that of quick-filver, as 
1 to 14; the height of the water ought to have been thirty-four feet, and 
about two inches ; that is, about eight inches more than we found it. But, 
then, I formerly noted, that the proportion betwixt mercury and water, 
is not altogether fo great ; and, therefore, in fo tall a cylinder as ours was, 
the difference muft be confiderable. If, therefore, inftead of making an 
inch of quick-filver, equivalent to fourteen inches of water, we abate a 
quarter of an inch; whichis but a fifty-fixth part of the height of the wa- 
ter; this abatement, being repeated twenty-nine times and one quarter, 
will amount to feven inches, and above a quarter; which, added to the 
former height of the water, thirty-three feet, fix inches, will make thirty~ 
four feet, and above an inch: fo that the difference between the height of the 
mercury, fuftain’d by the weight of the atmofphere in the barometer, and 
that of the water, rais’d, and fuftain’d, by the preffure of the fame in the 
long tube, did not appear to differ more than an inch or two, from the 
proportion they ought to have, according to their fpecific gravity: nor 
could we, by obftinately plying the pump, raife the water higher. 

This experiment, being foon repeated, in my abfence, by Dr. Wallis, 

Dr. Wren, and Dr. Millington ; they, prefently after, aflured me, that the 
ereateft height, whereto they could raife the water, was thirty-three feet 
and a half: and, as it happen’d, within lefs than an hour before, I had ob- 
ferved the barometer to ftand fomewhat below twenty-nine inches, and. 
three eighths ; when, now, confulting the fame inftrument again, the mer~ 
cury appear’d to be rifen a little higher. Hence appears the impoffibility of 
making water pafs over the higheft mountains, by the help of inflected 
pipes, and fudtion. For, if the water be to rife above thirty-five, ox 
thirty-fix feet, a fucking-pump will not, ordinarily, here in England, fut- 
fice for that purpofe. 

16. To try whether the air contributes to the elafticity of bodies, we 4» «laltic bed. 
took a piece of whale-bone, of a convenient length, and, having faften‘d se ieat tte 
one end of it into a thick heavy trencher, to be placed on the plate of the 
engine; to the other end we tied a weight, whereby the whale-bone was 
moderately bent, which reached down to a flat body, placed under it, fo that 
_ if the {pring were but a little weaken’d, the weight muft either reft upon, 
or touch the horizontal plane; or if, on the other fide, the {pring fhould 
- grow fenfibly ftronger, it might be eafily perceived, by the diftance of the 
weight, which was fo near the plane, that a little increafe of it muft be 
vifible. "[hefe things we convey’d into the receiver, and took eare to 
_ fhake the engine as little as poffible, that the weight might not hit againft 
the body which lay under it ; or, we be hinder'd from difcerning, whether. 
it were deprefled by the bare extraction of the air. And, when the air 
had been well pumped out, I watched attentively, whether any notable 

change, im the diftance of the weight from the plane, would happen upon 
. : MS 


. Bra ay “a 
‘ 


488 iy ico-mechanical Experiments. 


Yerumartes.its being let in again; for the weight was then at reft: and the returning 


“air, flowing in much fafter than it could before be drawn out, this. 


{eenvd the likelieft time to difcover, whether the abfence of the air had, 
{enfibly, alter’d the {pring of the whale-bone. But, tho’ the experiment 
were made more than once, I could only fatisfy myfelf, that the depref- 


fion, or elevation, of the weight, owing to the mere change of the f ring,. 


was not very confiderable; for I do not think myfelf fure, that I per- 
ceived any at all: tho’, fometimes, when the receiver was well exhautfted, 
the weight feem’d to be a little deprefs’d ; yet this, I thought, might well 
be afcribed to the abfence of the air, not confider’d as a body that 


# 


had any thing to do direétly with the {pring, but asa body that had — 


fome gravity; whereby it made the medium, wherein the experiment 
was tryd, contribute to fupport the weight that bent the {pring ; which 
weight, when the air was abfent, muft have its gravity increafed, by as 

" much weight, as a quantity of the exhaufted air, equal to it in bulk, 
amounts to. 


ao make ges 17. ‘Theair, being invifible, it is not always eafy to know, whether it. 


for eftimating 


bow farthe re- be fufficiently pumped out of the receiver, to be exhaufted ; we, therefore, 


fg thought it very convenient to have fome inftrument within the receiver, 
that might ferve for a gage, or ftandard, whereby to judge when it was 
fufficiently evacuated. ‘The firft attempt, made to this purpofe, was by 
means of a bladder, very ftrongly tied at the neck ; after having had only 


fo much air left in its folds, as might fully diftend it, when the receiver 
was very well exhaufted. And this way, in fome cafes, is ufeful ; but, 


in others, a bladder takes up too much of the receiver, and hinders the ob- 
jets from being obferv’d on all fides. an eee 

Another fort of gage we made with quick-filver, pour’d into a very 
fhort pipe, which was, afterwards, inverted into a little glafs of ftagnant 
quick-filver, as in the Torricellian experiment. For this pipe, being but a 
very few inches long, the mercury in it would not begin to defcend, till a 
very great proportion of air was pumped out of the receiver ; becaufe, till 
then, the {pring of the remaining air would be {trong enough to fuftain 
fo fhort a cylinder of mercury. And this kind of gage is no bad one. But, 
becaufe it cannot eafily be fufpended, and the mercury in it is apt to 
fhake, by the motion of the engine, another was fubftituted in its place, 
confifting of a kind of fiphon, to the fhorter leg whereof belong’d a large 
gla{s-bubble. 

But none of thefe gages having the conveniences, that fome of our ex- 
periments require ; I devifed another, after the following manner. 

Fig..470 Take a cylindrical pipe of glafs, fix, eight, ten, or more inches jn length, 
and not fo thick as a goofe-quill ; and, by the flame of a lamp, melt it, 
but not too near the middle, and make it into a fiphon ; the legs whereof 
are to be parallel, and as near to each other, as poffible. In one of thefe 
legs, ufually the longer, leave at the top, either half an inch, or a whole 
inch, more or lefs, according to the length of the gage, or the defign of the 
experimenter, of air in its natural flate; and fill the reft of the longer 


leg, 


b 


ee 
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quick-filver. ‘This done, there may be marks placed on the outfide of 
the longer, or feal’d leg, whereby to meafure the expanfion of the air 
included therein. 

This inftrument, being convey’d into a receiver, and the air very dili- 
gently pumped out, notice muft be taken, to what part of the gage the 
mercury is deprefied, that we may know, when the mercury. hall, after- 
wards, be driven fo far, that the receiver, wherein the gage is placed, is 
well exhaufted. And if it be defired to know, more accurately, what fta- 
tions of the mercury, in the gage, are anfwerable to the degrees of the 
rarifaction of the air in the receiver; this may be gain’d, by letting in 
water, as often as is neceflary, into a receiver, whofe entire capacity is 
firft meafured ; and in which there might be marks made, to fhew when 
the water to be let in, fhall have fill'd a fourth, a half, Oc. of the cavity. 
For if, when the quick-filver in the gage, is depreffed to a certain mark, 
you let in water, which appears to fill a fourth part of the receiver ; you 
may conclude, that about one fourth of the air was pumped out; or that 
a fourth of the fpring of the whole included air was loft. And ifthe water 
either falls confiderably fhort of, or exceeds the quantity expeéted ; you 
may, the next time, let in the water, either after the mercury has a little 
pats’d the former mark, or a little before it is arrived at it. And when 
once you have, this way, obtain’d one long, and accurate gage, you may di- 
vide others by the help of this, placed with them in a {mall receiver: when, 
the mercury in the former, being depreffed to any determinate divifion, 
obtain’d by ebfervation; you may, thence, conclude, how much the air, 
in the receiver, is rarify’d ; and, confequently, by taking notice of the 
place where the mercury refts in the other gages, determine what degree of 
exhauftion, in a receiver, is denoted by that ftation of the mercury. 

That leg of the gage which includes the air, may be feal’d up, either be- 
fore the pipe is bent intoa fiphon; or, which is much better, by firft draw- 
ing out that end of it you defign fhall be feal’d, to a fhort, and very flender 
thread : then, having made the tube into a fiphon, pour into the leg, 
which is to remain open, as much quick-filver as you judge convenient, 
which will rife to an equal height in the other leg ; and, by gently inclining 
the fiphon, you may pour the fuperfluous mercury out of it, if there be 
any ; and when there is an inch, or the proper f{pace, unfill’d with mer- 
cury, next the end that is to be clofed ; and the reft of that leg, and as 
much of the other as is neceflary, fill’d with quick-filver ; you may, by 
keeping the fiphon in the fame pofture, and warily applying the flender 


_ apex, above-mention’d, to the upper part of the flame of a lamp, blown 


- 4 


q 


horizontal, conveniently feal it up. 
But there are fome experiments, wherein it is not neceffary that the re- 


ceiver fhould be fully exhaufted ; but, rather, that the degrees of the air’s 


rarifaction fhould be well meafured. And, in many cafes, we may ufe 
gages, fhaped like thofe hitherto defcribed, made as long as the receiver 
will admit, and furnifh’d, inftead of quick-filver, either with tinged {pirit 
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leg, “itil as great a part of the fhorter as thall be thought proper, with Pxevmaries. 
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Pseumarics. of wine; or elfe the tinéture of red rofe-leaves, drawn with common 
water, and heighten’d with a little fpirit of vitriol. For the lightnefs of thefe 
liquors, in comparifon of quick-filver, will allow the expanfions of the air, 
included in the gage, to be.very manifeft ; tho’, perhaps, a quarter of 

. the air be not pumped out of the receiver. 
We may, alfo, in fuch cafes, and where the receiver is.fufficiently large, 
and not to be quite exhaufted, make ufe of a mercurial gage, differing 
from the former in this, that the fhorter lez need not be above an inch, or 
half an inch long, before it widens into a bubble, about half an inch, or 
an inch in diameter; and having, at the upper part, a very fhort and 
flender open pipe, whereat the air may get in and out: and here we need 
not include fo much air as, otherwife, would be requifite, atthe top of the 
longer leg ; becaufe the mercury, in the fhorter, cannot, by reafon of the 
«breadth of the bubble, into which the expanfion of the air drives it, be 
confiderably raifed ; whereby the degrees of the included air’s rarifa@tion 

become very vifible. 


An eafy wayto 18. T caufed a hollow ftrong piece of brafs to be made, two or three 


ik Shey as inches high, opening, at both ends, in orifices circular and parallel, but 


ble to thetewb. not equal; which, being cemented, as a {mall receiver, to the engine ; 


whoever doubted the preflure of the air to be confiderable, needed only lay” 


the palm of his hand upon the upper orifice, and prefs it clofe thereto : 
for, upon withdrawing, by a fingle ftroke, the greateft part of the pref- 
fure of the internal air, that, before, counter-balanced the external ; the 
hand, being left alone, to fupport the weight of the atmofphere, would be 
prefs'd inwards very forcibly ; efpecially, if, by a fecond ftroke of the pump, 
the little receiver were farther exhaufted : and this preflure continues, till 
the air be re-admitted into the receiver. Ifa more fenfible conviétion be 
defir’d, tis eafy to give it, by turning the larger orifice uppermoft, and 
proceeding, as before ; but this ought not much to exceed two inches and 
a half in diameter, left the great weight of the air fhould break, or con- 
fiderably hurt the hand: as I once much endanger’d my own, thro’ miftake 
of the pumper, who fell to his work, while I held it upon the orifice of a 
veflel too large in diameter. | . 

Mercayy fubfi- 19. A barometer being included in a receiver, made of a long bolt- 

ing ie ile a orshead, with the lower part of the ball cut circularly off; wpon the firft ex- 


gicellian tube to 


a level with the {ution of the air, the quick-filver, that before ftood at twenty-nine inches, 


tee te ai would fall, and reft, at nine or ten inches; and, in about three ftrokes 
more, it would be brought quite down to the level of the ftagnant quick- 
filver, and fomewhat below: but the air, being let into the receiver, the 
mercury would be impell’d up flow, or faft, as we pleas’d, to the former 
height of twenty-nine inches. | 
If the air were fuffer’d to go haftily out of the receiver, the mercury 
would, at the very firft ftroke, defcend, till it reach’d within an inch or 


two of that in the veffel ; tho’ it would, prefently after a few rifings and fal- 


lings, fettle atthe height of nine, or ten inches, till thenext ftroke brought it - 


‘had : 


down lower. 
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‘And if, when the mercury was re-impell’d up to its due height, inflead Pxzemaries, 
of rarifying the air, it were a little compre{fs'd ; the quick-filver would be se 
eafily made to rife an inch, or more, above the former ftandard of twenty- j 


nine inches. 
We, alfo, took a glafs-tube, feal’d at one end, much fhorter than the 


due length, and. having fill’d it with mercury, and inverted it into a veflel 


of ftagnant mercury, we placed all in the former receiver ; where the 
mercurial cylinder, for want of the requifite height, remain’d totally fuf- 
pended 3 but, upon the firft, or fecond ftroke, fubfided, and, after two or 
three more, fell to a level with the ftagnant mercury, or a little below it: 
and, upon the letting in the air, it would be again impell’d to the very 
top of the tube, bating an aerial bubble, which feem’d to come from the 
mercury itfelf; and was fo little, as not to be at all difcernible, but’ to a 
very attentive eye. i 

20. Into a very large glafs-tube, hermetically feal’d at one end, and In fmall apd 
about two feet and a half in length, we pour’d quick-filver, to the height !¢ shen tas 
of three or four fingers; then we took two cylindrical pipes, of very un- seth be te | 
equal bores, and open at both ends, and plung’d the lower ends o both a ae | 
into the quick-filver ; faftening them tothe former tube, that they might rales GutehiGl 
not be mov d out of their pofture ; in which the convex furface of the mer- #0 am equal 
cury, in both, feem’d almoft to lie in a level; the tubesalfo, being placed, ~ 
perpendicularly, in a frame: then, by the help of a funnel, we pour’d wa- 
ter, by degrees, in at the top of the tube; and obferv’d, that, as the - 
water gravitated, more and more, upon the ftagnant mercury ; fo the in- 
cluded mercury rofe equally, in both the pipes ; till the tube, being almoft 
fill’d with water, the mercury appear’d to be impell’d, and fuftain’d in 
both, at the height of about two inches above the furface of the ftagnant 
quick-filver. And, having caus’d about half the water, in the large tube, 
to be fuck’d out at the top; we obferv’d the quick-filver, in both the 
others, to fubfide uniformly, and to re-afcend alike upon the re-affufion of 
the water. 

We, alfo, took a very wide tube of glafs, a foot long, and pour’d into 
it a convenient quantity of quick-filver; then we took two pipes, of an 
equal length, but unequal bores, as before ; and thefe, being fill’d with 
quick-filver, as in the Torricellian experiment, were let down into the 
tube, and unftopp’d, under the furface of the ftagnant mercury: when, 
that in the pipes, nani to its wonted ftation, and refting there, we pour’d 
into the tube about a foot height of water, whereby the quick-filver ap- 
pear’d equally impell’d above its ftation, and fuftain’d there, in both the 


pipes; and, upon withdrawing fome of the water, it began to fubfide 
PIpes ; Pp g > gan te 


alike, as to fenfe, in both: and water, being a fecond time pour’d down 
into the tube, the mercury, in both pipes, rofe uniformly, as before. By 
which, and the former experiment, it appears, that a gravitating liquor, 
as air, or water, may impel, or fuftain mercury, at the fame height, in 
tubes of very different capacities ; and that liquors balance each other, ac- 
cording to their altitude, and not Abi according to their weight. For, 
rr 2 mm. 
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‘The height 
abereat pure 
mercury, and 
mercury amal- 
gamaied with 
tin, will ftand 
in barometers. 


| To make porta- 


ble barometers. 
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in the Jaft experiment, the additional cylinder of one inch of mereury, 
was manifeftly rais’d, and kept up by the water incumbent on the ftagnant 
mercury. Andthe fame parcel of water counterpois’d, in the different 
pipes, two mercurial cylinders, which, though of the fame altitude, were 
very unequal in weight. tse 

21. Amalgamating mercury with a convenient proportion of pure tin, 
that the mixture might not be too thick, we therewith fill’d a cylindrical 
pipe, feal’d at one end, and of a fit length ; and then inverted it into a lit- 
tle glafs, furnifh’d with the like mixture. The event was, that the amal- 

am did not fall down to twenty-nine, but ftop’d at 31 inches, above the 
i of the ftagnant parcel. Hence, it appears, that the height of the 
liquor, fufpended in the Torricellian tube, depends fo much upon its equi- 
librium, with the external air, that it may be varied as well by a change 
.of gravity in the fufpending liquor, as we formerly faw it might by an 
alteration in the atmofphere. | 

It might be worth while to try, by comparing the height of the amal- 
gam to what it ought to be by the fpecific gravities of the mercury, and 
the tin mixd in a known proportion, whether thefe metals penetrate each 
other, in the fame manner as copper and tin have been obferv'd to do ; 
when being melted down together, they make a more clofe and ponderous 
body than their refpective weights feem’d to require. | 

22. We took a hollow cylinder of glafs, feal’d at one end, and four 
or five feet in length ; and, by the flame of a lamp, bent it after the manner 
of a fiphon, one of the legs. whereof. is three or four times longer than the 
other ; whence the fhorter leg may ferve, inftead of the veflel, ufually 
employ’d to contain the ftagnant mercury. To fill this, take a {mall glais 
funnel, with a long and flender fhank, fo that it may reach three or four 
inches, or farther, into the fhorter leg of the barometer ; and, by the 
funnel, pour into the fhorter leg, as much mercury as.may reach about 
two er three inches, in both legs ; then ftopping the orifice with your 
finger, and flowly inclining the tube, the mercury, in the longer leg, will 
fall to the feal’d end, and the air that was there before, pafs by, and give 
it room. ‘The mercury, in the fhorter leg, which ought to be held upper- 
moft, will, by the fame inclination of the tube, fall towards the orifice ; 
but being, by the finger, kept from falling out, if you flowly ered the 
glafs again, and then ftop it, as before, the mercury will pafs. out of the 
fhorter leg into the longer, and join with that which was. there before : 
and. if all the mercury do not fo pafs, the orifice is to be ftop’d again 
with the finger, and the tube inclin’d as formerly. This done, the tube 
is tobe erected, and, by the help of the funnel, more mercury is to be 
pour'd in; and the fame procefs of ftopping the orifice, inclining the tube, 
©. isto be repeated, till all the mercury, pour’d into the fhorter leg, be 
brought to join with that in the longer; and then the open leg is to be 
furnifh'd with frefh mercury ; obferving that the nearer the longer leg 
comes. to. being fill’d, the lefs you muft raife it, fromtime to time, when 
you pour mercury into the fhorter 5 as alfo, that when the longer leg is, 

| quite 
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quite full of mercury, you need not pour in any more., if the longer muchPszumazies. 
exceed a yard ; becaufe, upon ereéting the tube, there will fubfide, from 
the taller leg into the other, a confiderable quantity of mercury. And to free 
it from bubbles, you muft, once more, ftop the orifice with the finger, and 
incline, and re-ereét the tube feveral times, till you have thereby brought 
mott of the fmaller bubbles into a fingle large one; thenmaking this pafs 
leifurely, two or three times, from one end of the tube, to the other, it will 
unite allthe {mall bubbles to itfelf sand this may, afterwards, by one incli- 
nation more of the tube, be made to pafs into the fhorter leg, and thence 

into the free air. 3 

But there is another fort of funnels, with which, if skilfully ufed, the 
bended tubes of our portable barometers, may be very expeditioufly fill'd. 
For, if the flender part of the funnel be bent in an obtufe angle, and fo 
long, that the part which is to go into the fhorter leg of the fiphon, may 

-yeach to its flexure ; you may, by holding the tube fo, that the fealed end be 

- fomewhat lowerthan the other, and by pouringin mercury at this obtufe end 
of the angular funnel, eafily make it run over the flexure, into the longer 
leg of the fiphon ; provided you, now and then, as occafion requires, erect, 
and fhake the tube, to help the mercury to get by the air, and expel it. 

We accomplifh’d another part of our defign, by means of a piece of wood, 
fomewhat longer than the tube, and confiderably broader in the lower part, 
than in the upper, to receive the fhorter leg of the fiphon.. In fuch a piece 

of wood, which was about an inch thick, we caus‘d fuch a channel to be . 
made, that our fiphon might be placed in it fo deep, that a flat piece of 
wood might be laid on it, without touching the glafs ; fo that this piece of 
wood may ferve for a cover to defend the glafs, to be put on when the in- 
ftrument is to be tranfported; and taken off again, when ‘tis to be hung 
up for obfervation ; the channel’d piece of wood ferving both for part of a 
cafe, and for an entire frame; which may, for fome ules, be a little more 
commodious, if the cover be join’d to the reft of the frame, by two or three © 
little hinges, and a hafp, whereby the cafe may be readily open’d and - 
fhut, at pleafure. | 

The third thing we propofed, is not fo eafy asthe fecond ; nor have we yet — 
had opportunity to try whether the way we made ufe of, will hold, if the: : 
barometer be tranfported into very remote parts; tho’, by {maller re= - 
moves, we found reafon to hope ‘twill fucceed in greater. 

The grand difficulty was, to prevent the {pilling of the mercury ; for, 
the upper part of the tube being deftitute of air, if the quick-filver, by the 
motion of the inftrument, be made to vibrate, it will hit fo violently a=: 
gainft the top of the glafs, as to break it. To obviate this inconvenience, 
we incline the tube, till the mercury be impell’d to the very top of it ; when 
yet there will remain a competent quantity in the fhorter leg of the glafs, 
‘f that be not too fhort; then the remaining part of the fhorter leg, is to 

be fili’d up either with water, or mercury, and. the orifice of it very care- 

- fully ftop’d with cement : by this means, the mercury in the longer leg, ha- 

ving no. room to play, cannot {trike with violence againit the top of the 
slais. When -: 
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| Peeewatice. (When the inftrument is to be tranfported, the height of the’ mercurial 
cylinder being taken for that place, day, and hour, and compared with 
that of another good barometer, which is to continue in the fame place; as 
much of the channel, as is unpoflefs’d by the glafs, may be ftuffed with 
cotton, or the like ; and fome of the fame matter may be put between the 
reft of the frame, and the cover, which ought to be weil bound together. 
And when the inftrument is arrived at the place defign’d, the water, that 
is added, may be taken off again, by pieces of fpunge, linen, Cc. but, if 
inftead of water, mercury be employ’d, it ought to be taken out, till you 
have juft the weight that was putin. The chief ufe of this barometer 
is, by keeping a diary of the heights of the mercury herein, and compa~ 
ring them with thofe in the barometer, that was not remov d, to difcover 
the agreement, or difference of the weight of the atmofphere, in diftant 
places. The ftructure of this inftrument, alfo, fits it to be fecurely let 
down into wells, or mines; to be drawn up to the top of towers, and o- © 
ther elevated places; and, perhaps, by a convenient addition, fuch baro- 
meters may fhew very minute alterations of the atmofphere’s preflure. 
‘Whether this barometer, furnith’d, at its upper end, with a ball and foc- 
ket, and at the lower, witha great weight, may be ferviceable at fea, not- 
withftanding the rolling of a thip, I have not try’d; but it may, at leaft, 
be applyd in flat calms, to fhew the weight of the atmoiphere, in diffe- 
rent climates, upon the fea ; which may, perhaps, prove ufeful to naviga- 
tors, by enabling them to foretel the end of the calm. Befides, having one 
of thefe inftruments ready, whenever they come on fhore, they can prefently 
take notice of the gravity of the atmofphere, in that place ; and this, per- 
haps, compared with other obfervations, may, in time, help them to guels 
where they are, and to forefee fome approaching changes of weather. | 
Mercury in a, 23+ Lwoperfons, whom I employ’d, found the mercury, in a portable 
barometer, will barometer, fall a little, as they afcended a hill ; at the top whereof they 
$ ibe tere let the fluid fettle, and carefully noted the place whereat it refted, which 
bottom than at Was One quarter of an inch beneath its former ftation ; tho’ the hill was not 
the top of abilh bioh and the air and wind feem’d, to them, much colder at the top, than 
below. And as they defcended, they ‘obferved that the mercury rofe 
gradually. | 
The weight 24. Take the bent tube, mention’d in the twenty-fecond experiment, and 
o Viufivin ke inclining it, till the greateft part of the mercury pafs from the fhorter leg 


mercwty in the Into the longer, the upper-end. of the fhorter leg, may, by the: flame of 

; eG theree a lamp, be drawn out fo flender, that its orifice fhall not be above an 

butat avery eighth, or tenth part as big as ‘twas before. "This being done, and the 

fall orf tube ereéted again, if the tall cylinder of mercury be of the ufual, or for- 

mer height, as we found it, twill appear that the weight of the external 

Both an oblique air may prefs as much upon the ftagnant mercury, thro’ a little hole, 

refure of the 1 7 ' 

Brel Jpbere, ang@® Whenall the upper fuperficies of that mercury, was directly expofed 

= [prin Me to it. ; | ms 
ttle include ; 4 HT] : 
-— aiaill futaiy 25+ Uf, inftead of drawing the fhorter leg of our fiphon directly upwards, 


the mercury in OF parallel to the longer, as inthe foregoing experiment, you bend off the flen- 
che barometer, “0 aah der — 
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der part, fo that, were it continued, it would make a right angle with the Preumanics. 
longer leg of the fiphon, or an acute one, tending downwards; and when 
the tube is erected, the mercury refts at its ufual ftation; ‘twill appear, 
that the preflure of the atmofphere, may be exercisd upon it as well ob- q 
ee when the pipe that conveys it, is either horizontal, or opens down- 
wards. : 

And, if inftead of bending this flender pipe, you feal it up hermetically, Fg. s:. 
the continuance of the mercurial cylinder, at the fame height, will fhew, 
that the {pring of a very little air, fhut up with the preffure of the atmo- 
{phere upon it, is able to fupport as tall a cylinder of mercury, as the 
weight of that part of the atmofphere, which can come to exercife its 
preflure againft the mercury. | 

If, when the fhorter leg of the barometer is fealed, you move the in- 
ftrument up and down, the mercury will vibrate, by reafon of the yielding 
{pring of the imprifon'd air ; but, becaufe of the refiftance of the {pring, the 
motion will be diverfified after an odd manner; which may be eafily per- 
ceiv'd by the impreffion it makes upon the hand, but not fo eafily de- 
feribed. And as, when the fhorter leg is drawn out flender enough, 
after the inftrument is furnifh’d with quick-filver, “tis eafy to feal it up 
with the flame of a candle, without the help of any inftrument at all; I 
might here obferve, that it may, on fome occafions, be convenient to feal 
up the barometer, before it betranfported ; and, in fome cafes, to in- 
cline the tube before-hand, rill the quick-filver have quite fill’d the longer 

leg: for by this means, the vibrations of the quick-filver will be lefs; and. 
sis eafy, when the inftrument is brought to the defign’d place; to break 
off the {lender apex of the fhorter leg, and fo expofe, again, the mercury. 
to the preflure of the atmofphere. 

Having caus’d a portable barometer to be made, with the fhorter leg— 
of a more than ordinary length ; I afterwards, caufed the upper part of this - - 
leg to be drawn out very flender ; and laftly, the fame to be, about the: 
middie, bent downwards, fo that the fmall orifice of the flender apex, . 
pointed towards the ground ; when neither I, nor fome others, took notice » 
that the mercury ftood lower than in ordinary barometers: whence we 
concluded, that the atmofphere could prefs, not only at a very {mall ori-- 
fice, but, when the air muft, at this little orifice, tend upwards, to prefs - 
upon the furface of the itagnant mercury. 

26. When it appear’d, by a good barometer, that the atmofphere was To make ba 
confiderably heavy, I caus‘d a glafs pipe, hermetically fealed at one end, Jager 
and in length about two feet and a half, to be fill’d with quick-filver 5 times. 
except a very little part, wherein fome drops of water were put, that we 
might the better difcern the bubbles, if any fhould be left, after the in-- 

- verfion of the tube into an open glafs, containing ftagnant mercury. Ha- 

* ving, by this means, freed the tube from bubbles, we fo order’d the mat~- 
ter, that the quick-filver, and the little water about it, exactly filld the - 
tube, without leaving any vifible interval at the top; and yet the mercu- 


_yial cylinder was but very little higher than that of our ie ; 
that. 
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‘that time. ‘Then the pipe was left ereéted in a quiet place, where the 


liquors retain‘d their former height for feveral days. ‘A {chool-philofo- 
pher would confidently have attributed this fuftentation of fo heavy a bo- 
dy, to nature's dread of a vacuum; but either fhe is not always equally 
fubject to that fear, or fome other caufe of the phenomenon muft be af- 
fign’d : for, when, long after, I had obferv’d, by the barometer, that the 
atmoiphere was grown much lighter than before, I found’ the quick-filver, 
in the fhort tube, confiderably {ubfided ; leaving a cavity at the top, which 
afterwards grew lefs, as the atmofphere became heavier. 

27. Some fpirit of wine, ting’d with cochineal, being put into the re- 
ceiver, and the air withdrawn, it bubbled exceedingly for a confiderable 
time. Then, little hollow pipes, of different fizes, were put into it, when the 
red liquor afcended higher in the more flender, than in the others; but 
-upon extracting the air, there fcarce appear’d any fenfible difference in 
the heights of the liquor, nor upon theletting it in again. 

Afterwards, two fuch tubes, of different fizes, being faften’d together 
with cement, were let down into the fame fpirit of wine, when the recei- 
ver was well exhaufted : notwithftanding which, the liquor afcended in 
them, for ought we could plainly fee, after the ordinary manner; only 
when the air was let in again, there feem’d to be fome little rifine, at ~. 
leaft in one of the tubes. <a 

In this experiment, tho’ there appear’d no bubbles at all in the {pirit of 
wine in the veffel, yet, for a confiderable time, there arofe bubbles in 
that part of the liquor which was got into the flender pipes. 

28. [took a ftrait pipe of glafs, open at both ends, and of a mode- 
rate bore ; and having tied a linen rag to one end of it, that the water 
might have free paflage in, and the powder not be able to fall out, we 
carefully fill’d the cavity with minium ; and then having ereéted the tube, - 
fo that the bottom of it refted upon that of a fhallow, open-mouth’d glafs, 
containing water enough to rife an inch or two above the bottom of the. 
tube, it infinuated itfelf, by degrees, into the cavity thereof, as appear’d. 
by a little change of colour in that part of the minium which it reach’d 3 till 
the open glafs being, from time to time, fupplied with freth liquor, it at- 
tain‘d to the height of about thirty inches. 

Taking, afterwards, another tube, and fome minium, carefully prepa- 
red, I profecuted the experiment, fo as to make the water rife in the pipe 
about forty inches above the furface of the ftagnant water. 

Making the experiment with beaten glafs, pieces of fpunge, putty, Oc, 
I did not find any of them fucceed fo well as the minium. Ting’d liquors, 
as ink, tincture of faffron, Oc. feem’d not to rife near fo high as water ; 
as if the diflolved ingredients gradually choaked the pores of the mi« 
nium. ; | 

To have the grains of our powder more minute, and the intervals be- 
tween them f{maller, I chofe the bef fort of minium, fifted it very fine, 
and fo put it, by little and little, into the tube; that by ramming it, from 
time to time, it might be made to lie the clofer: and this method fuc- 
| ceeded 
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ceeded well. It feem’d, by a trial or two, that if the tube were very Pysumarics 
{lender, the experiment would not fucceed. Fyn 

It may be worth while to obferve, in what times the water afcends 
to certain heights; for, at the beginning, “twill afcend much fafter than 
afterwards, and fometimes continue rifing for thirty hours, or longer. 

One end, propofed in this experiment, is, to difcover a miftake in the mo- 
dern explication of filtration; which {uppofes, that the parts of the filtre, 
which touch the water, being {well’d, by the ingrefs of it into their pores, 
are thereby made to lift up the water, till it touch the higher parts of 
the filtre; by which means, thefe being alfo wetted and fwell'd, raife the 
water to theother neighbouring parts of the filtre, till it have reach’d to 
the top of it, whence its own gravity makes it defcend : but, in our cafe, 
we have a filtre made of folid, metalline corpufcles ; where ‘twill be very 
hard to fhew, that any fuch intumefcence is produced, as this explanation 
requires. | 

Water afcends fo few inches, even in very flender pipes, that the rife 
of the fap in trees, feems hardly accountable for, from the fame caufe. 
In the laf trial; above-mention’d, I made water to afcend above three 
feet and a half: and, ifby fo flight an expedient, water may be rais’d as 
high asis neceffary for the nutrition of fome thoufands of plants ; for fuch 
a number there is, that exceed not three feet anda half, in height ; I ask 
why nature may not have ufed other contrivances, to make liquors afcend 
to the tops of the talleft trees ; efpecially, fince befides heat, and fomething 
equivalent to valves, @c. many’ other things, perhaps not yet dreamt of, 
may probably concur to the effect ? | | 

As formerly, by bending thefe flender pipes, we made fhort fiphons, 
thro’ which the water wouldrun, without being at firft affifted by fuction ; 
fo I try’d whether I could, in larger pipes, make much longer fiphons, 
by the help of minium. But tho’, when the orifices pointed upwards, fine 
--minium were ramm’d into both the legs, and both the orifices clofed, yet, 
‘when they came to be again turn’d downwards, the weight of the minium 
would make fome fuch difcontinuation, as to hinder the farther progrefs 
of the water. "This impediment, however, I judg’d fuperable, but had no 
opportunity to profecute the experiment. | | 

29. Having in fhallow, wide-mouth’d glaffes, expofed a ftrong folution peak pe ad 
of common fea-falt, or of vitriol, tothe air, which reach’d not, by fome long the fides 
inches, to the tops of the veflels ; and, having fuffer’d much of the aqueous of glalis. 
part to exhale very flowly ; the coagulated falt, at length, appeard to have 
lined the infide of the glaffes, and to have afcended much higher than where 
the furface of the remaining water then refted; or the part whereto the 
liquor reach’d, when ’twas firft pour’d in. And if the experiment were 
continued long enough, I fometimes obferv’d this afcent of the falt, to be 
of fome inches ; and that the falt did not only line the infide of the glafs, 
but getting over the brim of it, cover’d the outfide, alfo, with a faline 
cruft; fo that, confidering what a little liquor remain’d in the glafs, ‘twas fur- 
prizing how it could poffibly get thither. Other falts, alfo, befides thefe 
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PxzvmaTics. mention’d, will exhibit the fame phenomenon. "The caufe of this odd 
effe€t may be referr’d to that of the afcent of liquors in pipes. 

I obferv’d in water, and aqueous liquors, that part of the furface 
next the fides of the glafs, to befenfibly more elevated, than the reft of — 
the fuperficies: and if very minute clippings of ftraw, or other {mall and 
light bodies, floating upon the water, approach near enough to the fides of 
the glafs, they will be apt torunup, as *twere, this afcent of water, and 
reft againft the fides of the glafs. 

We may, alfo, obferve, that fea-falt ufually coagulates at the top of 
the water, in {mall and oblong corpufcles; fothat, as to thefe, ’tis eafy 
to conceive, how numbers ofthem may faften themfelves a-round the infide 
of the glafs. And befides fea-falt, I have found feveral others, which, if 
their folutions be flowly evaporated, will, whilft yet there remains a large 

‘proportion of liquor, afford faline concretions at the top of the water. 
And the faftening of faline particles to the fides of the glais, may, perhaps, 
be promoted by a coldnefs, communicated by corpufcles contiguous to the 
glais; becaufe the glafs may be fuppofed more cold, upon account of 
its denfity, than water: but by the evaporation of the aqueous parts of | 
the folution, the furface of the remaining liquor muft neceffarily fubfide ; 
and thofe faline particles that were contiguous to the infide of the glafs, and 
the more elevated part of the water, having no longer liquor enough to 
keep them diffolv’d, willbe apt to adhere tothe fides of the glafs ; and up- 
on the leaft farther. evaporation of the water, become a little higher than 
the greater part of the fuperficies of that liquor : whence, by reafon of the 
little inequalities, that will be on the internal furface of the adhering 
corpufcles of the falt ; and perhaps, alfo, on the internal fuperficies of the 
gla{s; there will be intercepted between the falt and the glafs, little ca- 
vities, into which the water, contiguous to the bottom, willafcend, or be 
impell’d by the fame power that raifes it in flender pipes. And when 
the liquor is thus got to the top of the falt, and lies expofed to the air ; 
the faline part may, by the evaporation of the aqueous, be brought to co- 
agulate there s and confequently, to increafe the height of the faline film, 
which, by the like means, may, at length, reach to the very top of the 
glafs ; and thence it may eafily be brought over to the outfide of the vef- 
fel, where the natural weight of the folution will facilitate its progrefs — 
downwards: whence the pellicle of fait, together with the contiguous furface 
of the glafs, may, at length, conftitute a kind of fiphon. 

Thus I have ufually obferved the faline film to be very eafily feparable 
from the glafs in large flakes ; which argues, that they did not ftick clofe 
to one another, except in a few places ; but had a thin cavity interpofed be- 
tween them, thro” which the water might afcend. 

Nor is it repugnant to this explanation, that in cafe the water afcended, 
it fhould diffolve the falt ; [for the liquor being already upon the point 
of concretion, it is fo faturated with falt, that it can diflolve no more. 
Whence we may alfofee, why, when the faline film reaches to the outfide 
of the glads,. the liquor does not run down to the bottom, but coagulates 


by 
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by the way. And I have fufpected, that when the concretion is once be~Pszumarics. 
gan, the film may be raifed, and propagated, not only by the motion of : 
the liquor between the infide of that and the glafs ; but by the fame liquor 
- infinuating itfelf on the outfide of the film, into the {mall interftices of the 
_ faline corpufcles ; as ink rifes into the flit, and along the fides of the nib of 
a pen, though nothing but the very point touch the furface of the liquor. 

And, by this means, the impregnated folution may, as it were, climb up to 
the top of the faline concretion, and, by coagulating there, addto its height. 

30. Having caus’d a cylindrical piece of brafs to be very carefully turn’d, Taioaes Oe 
of an inch in diameter, three inches in length, and open at both ends ; tio hinders of the 
one of thefe ends we exactly fitted a flat bottom of the fame metal, and ime” 
faften’d it very clofe with little {crews on the outfide. | tai 

This inftrument, being balanc’d in an exact pair of feales, was care- 
fully fill’d with pure mercury, which we found to weigh one hundred 
thirty-feven drams, and forty-five grains ; and multiplying that by ten, there 
will arife, for the weight of a mercurial cylinder of one inch in diameter, 
and thirty inches in height, about fourteen pound, two ounces, and three 
drams, troy. sia 

The weight of a mercurial cylinder in an equilibrium with the atmo- 

{phere, and of aninch in diameter, being thus fettled, we may eafily compute 
the weight of a cylinder of quick-filver of another diameter, and confe- 
quently the force of. the preffure of an atmofpherical column of the fame 
diameter. For, fince cylinders of equal heights are to one another, as 
their bafes; and the bafes of cylinders to each other as the {quares 
of their diameters; and laftly, fince we here fuppofe mercury a homoge- 
neous body ; the mercurial cylinders will be to each other in weight, as they 
are in bulk: if then, for inftance, we would know the weight of a cylin- 
der thirty inches high, whofe diameter is two inches, the rule is this: as 
the fquare of the diameter of the ftandard cylinder, whofe weight is 
known, to the fquare of the diameter of the cylinder propos’d; fo is the 
bulk of the former to the bulk of the latter, and the weight of that to the 
weight of this. Thus the fquare of one inch, the diameter of the ftandard 
cylinder, being one, and the {quare of two, the diameter of the cylinder gi- 
yen, being four; the bulk or folid, content of this latter cylinder, and confe- 
quently its weight, will be four times.as great as thofe of the flandard cy- 
linder. | 

31. We took a {mall vigorous load-ftone, cap’d and fitted with a loofe Tm attractive 
- plate of fteel, fo fhaped, that when fuftain’d by the ftone,. we could hang, Wainkd Fig 
at a little crook that came out of the midft of it, and pointed downwards, ebanfted receie- 
afcale ; into which, we put weights; and then, by fhaking the load-ftone, ”” 
as much as we guefs’d it would be by the motion of the engine, we found 
the greateft weight, that. we prefum’d it would fupport,. notwithftanding 
the agitation whereto ‘twould be expos’d, was, befides the iron plate and the 
{cale, fix ounces troy: and, if we added half an ounce more, the whole weight 
appear’d too eafy to be fhaken off. ‘This done, we hung the load-ftone 
_ with all the weight it fuftain’d, me : See of glafs faften’d to the top oe 

2 the 
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Pxevmarics-the infide of the receiver, when *tw&s firft blown ; ‘and, tho” in about 
twelve exfuctions we ufually emptied fuch receivers, as much as was re-_ 
quifite for moft experiments ; yet, this time, we made above twice that 
number: when, violently fhaking the engine, without thereby thaking off 
the weight that hung at the load-ftone, the iron feem’d to be very nearly as — 

. firmly fuftain’d by it, as before the air began to be pump’d out ; for the ex- 

: traction of the air, tho’ it be not fuppos’d to weaken the precife.power of 

} the load-ftone; yet, it muft leffen its power to fuftain the fteel, becaufe this 
in fo thina médium muft weigh heavier thanin the air. . 

The prefure of — 32. We took a brafs fyringe, the barrel about fix inches in length, and 

phe exteroa’#v~ the diameter about an inch and three eighths ; and having, by placing a thin 

tbe juckerof 2 bladder about the fucker, and pouring oil into the barrel, made the inftru- 
ring’ ee ment ftanch, whilft the fucker mov’d without much difficulty ; we thruft 
the lower orifte this to the bottom of the barrel to exclude the air; and having ‘laid afide 

Sete’. she flender pipe of the fyringe, we carefully ftopp’d the 6th to which 
the pipe, in thefe inftruments, is ufually ferew’d; then drawing up the — 

Fig. 52. fucker, we let it go, to judge, by the violence with which it would be dri- 
ven back again, whether the fyringe were fit for our purpofe; and 
finding it to be fo, we faften’d a ponderous piece of iron to keep it 
down ; and then fixing to the handle of the rammer one end of a ftring, 
whofe other end was ty’d to the turn-key, we convey’d this fyringe and the 
weight belonging to it, into a receiver ; and having pump’d out the air, we 
began to turn the key, thereby to fhorten the ftring that ty’d the handle 
of the fyringe to it, and found no refiftance in drawing up the fucker from 
the bottom of the cylinder.” | | 

And repeating the experiment with the like fuccefs, when the receiver 
being exhaufted, we had drawn up the fucker, almoft to the top of the 
barrel by a weak ftring, we kept the parts of the fyringe in that pofture, 
till a paflage was open’d to the outward air; upon which, the fucker was 
fo forcibly deprefs’d, that it broke the ftring, and was violently driven back 
to the lower part of the barrel; tho’ the ftring had fuftain’d'between four 
and five pound weight, and broke long before all the air, that flow’d in to 
fill the receiver, had found entrance. . : 

Again, we took the fame fyringe, and having found it tight enough for _ 
our purpofe, we carefully clos’d the vent with a cork and cement, and ha- 
ving tyda weight of two pound two ounces to the barrel, we fufpended 
the rammer of the fyringe, by a ftring, ina large receiver ; and caufing 
the pump to be ply’d, we made eleven or twelve exfuétions, without finding 
any appearance of change in the fyringe: but caufing the pumping to be 
continued, I perceiv’d, within two or three exfu€tions more, the cylinder 
began to be drawn very flowly down, by the weight hanging at it ; and 
likewife try’d, that, juft upon a frefh exfudtion, the defcent would be 
manifeftly accelerated, And, when we had fuffer’d the barrel and weight — 
to flide down as far as we thought fit, we let in the external air, which 
raisd them both again, much fafter than they had fubfided. | 
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And, fubftituting a far heavier weight for the former, the depreffion of Pszumariesi 
the barrel of the fyringe fucceeded for two or three times, fucceflively, a 

much fooner than before. 

33. Having cemented up the hole at the bottom of the fyringe, we ty'd A Iyringe can- 
to the barrel a hollow piece of iron, that ferv’d for a feale; into which we fing the preflure 
put weights, fucceffively, to try if, when the fucker was forcibly drawn oe cone 
up, and held fteddily, in its higheft ftation, the weight, faften’d to the rable weight. 
barrel, which was held down whilft the fucker was drawn up, and, af- rig. 52. 
terwards, let go, would be confiderably rais’d... And, when we perceiv d, 
that the addition of half a pound, or a pound, more, would make the 
weight too great to be fo rais’d ; we forbore to put in that increafe of 
weight: and, having ty’d the handle of the rammer to the key, we con- 
vey'd the fyringe, together with its clog, into a receiver; out of which, 

4 convenient quantity of air being pump’d, we were, thereby, eafily 
enabled to draw up the fucker, without the cylinder: after which, having ~ 
let in the air, fo that the weight was rais’d a little, I caufed two pound to 
be taken out; and then the receiver, being fomewhat exnaufted, and the 
air admitted ; the clog, which amounted to about fixteen pound, was 
{wiftly rais’d, and, as it were, {natch’d up from the middle, to the upper 
part of the rammer. | | 

34. We took a {mall receiver, fhaped like a pear, cut off, horizontally, The afcent of 
at both ends; we, alfo, took the fyringe, formerly mention’d, and, having 140s @ yrin 
cemented thereto, inftead of its own brafs-pipe, a {mall. pipe of glafs,. about Orta 
half a foot in length, we put this fyringe in at the narrow end. of the re- ‘ain 
ceiver; to whofe orifice was, afterwards, carefully cemented the brafs- 
cap, with the key, whereto we ty’d the handle of the rammer: then, M% ss 
having conveniently placed, upon the engine, a very fhort thick conical glafs, 
containing a fufficient quantity of quick-filver ; we fet the receiver over 
it, fo that the lower end of the pipe of the fyringe reach’d almoft to the 
bottom of this glafs ; and, confequently, was immers’d far beneath the 
furface of the quick-filver: when, all things being prepared, the air was. 
pump’d out of the receiver, and, confequently, out of the little glafs 
that held the mercury ; the-fucker being warily drawn up; we could not. 
fee the quick-filver aicend to follow it; but the air, being let flowly into. 
the receiver, the mercury was quickly impell'd up to the top of: the glafs- 

ipe. 
is Amd; for farther fatisfa@tion, when the experiment was repeated, we 
plainly obferv’d, that tho’, when the receiver, being not yet exhaufted, 
the fucker was drawn up but one inch, the mercury would be raisd to 
the upper part of the glafs-pipe of the fyringe ; yet, after the exhautting 
of the receiver, tho’ the fucker was drawn up twice as high, there ap- 
pear’d no afcent of the mercury in the pipe. | 

To confirm this experiment, we caus‘d the fyringe to be tyd faft toa 
ponderous body, that might keep the cylinder unmov’d, when the fucker 
fhould be drawn up; we, alfo, cemented to the vent, or ferew, at the bot-- 
tom of the fyringe, a pipe of glafs, about two inches long 3. and, pains 
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| Pxrumatic®: olaced the heavy body upon a pedeftal of a convenient height, that the 

| , glafs-pipe might be all feen beneath it; and a very low vial, almoft fill’d 
with quick-filver, might be fo placed underneath the pipe, that the ftag- 
nant mercury reach’d far above the immers’d orifice of the {aid pipe: 
when things being thus provided, and the handle of the rammer ty’d to the 
key, belonging to the brafs-cover of the receiver, this veffel was cemented 
to the engine, and exhaufted. 

We then look’d upon the glafs-pipe, above-mention’d, and, being able 
to fee thro’ it, we, by the ftring, drew up the fucker to a confiderable 
height, but could not perceive the pipe to be fill’d with any fucceeding 
mercury ; but, warily letting in fome air, we quickly faw the mercury 
‘impell’d to the very top of the pipe; and concluded, from the quantity 
rais'd, that fome was, alfo, driven into the cavity of the cylinder. This 
“experiment, alfo, we fuccefsfully try’d with tinged fpirit of wine. Hence 
it appears, that, if a fyringe were made ufe of above the atmofphere, 
neither the {topping of the pipe would hinder the eafy drawing up of the 
fucker ; nor the drawing up the fucker, tho’ the pipe were not ftopp’d, 
raife, by fuction, the liquor wherein the pipe was immers’d. 

The adbefion of _ 35+ We took a glafs, about an inch anda half in diameter, but’ much 
cubbingglafles longer than an ordinary cupping-glafs of that breadth; we, alfo, provided 
pein of tte ‘a receiver, fhaped like a pear, and open at both ends, at the fharper 
air, whereof, there was a fmall orifice; but, at the obtufer, a fhort neck, 
Fig. $4. wide enough to admit the cupping-glafs, without touching the fides of it. 
The {maller orifice of the receiver, being cemented to the engine, I caus’d 
the cupping-glafs to be well faften’d, with the mouth upwards, to the 
palm of a perfon’s hand ; then caus’d him to put it into the receiver, and 
Jay his hand fo upon the orifice, that it might ferve fora cover toit, and 
hinder any air from getting in between them: but, upon the firft fuck, the 
cupping-glafs fell off ; the weight of the atmofphere preffing fo ftrongly upon 
the perfon’s hand, that he complain’d, he could very hardly take it from 
the glafs, into which it was almoft thruft. We- repeated the experiment, 
faftening the cupping-glafs more ftrongly than before ; the tumour, occa- 
fion'd whereby, was very vifible: but now, alfo, as before, at the very 
firft turning of the ftop-cock, to let the air out of the receiver, the cupping 
glafs fell off. 
A great wight 36. Wetook the brafs-ring, formerly mention’d, and cover’d it witha 
reise ot” wet bladder, which was fo ty’d on, that the bottom of the bladder cover’d 


ing-glafs with- 

iat the upper orifice of the ring, and lay ftretch’d upon it, whilft the neck of 
the bladder was ty’d with a ftring, near the middle of the lower orifice 
| Bg. ss. of the ring ; and, in this lower part of the bladder, we made two or three 


{mall holes, for the air to pafS in and out at: then, having placed, at the 
bottom of our capp’d receiver, a thick piece of wood, perforated to re- 
ceive the neck of the bladder ; we placed the cover’d ring upon this piece 
of wood, fo that the upper part of the bladder lay parallel to the horizon ; 
then we fufpended, at the key belonging to the cap of our receiver, a 
blind glafs-head, inftead of a cupping-glafs, which name it may bear ; 

and 
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and to the upper part of this glafs, we faften’d a large ring of metal to P*EUMATICE. 
prefs it againft the bladder. ‘The receiver being now cemented on to the | 
engine, we, by thehelp of the key, let down the cupping-glafs till it almoft 
touch’d the level fuperficies of the bladder ; and when the receiver was mo- 
derately exhaufted, we let down the cupping-glafs a little lower, fo that it 
refted upon the bladder, and touch’d it with all the parts of its orifice ; 
whence the cupping-glafs with its fubjacent bladder was become an inter- 
nal receiver wherein the air was confiderably expanded. ‘Then we warily, 
let the air into the receiver, and thereby the air that furrounded the cup- 
ping-glafs or internal receiver, having now a ftronger preffure than that in 
the cupping-glafs could refift, the bladder on which the cupping-elafs refted, 
was confiderably thruft into the cavity of the glafs, and made to ftick very. 
clofe to the orifice of it. 

Repeating the experiment, and exhaufting the-receiver further than Fig. 6. 
before, we took out the cupping-glafs and the bladder, which, toge- 
ther with the included brafs-ring was hanging at it ; and having ty’d the 
glafs to the hook of a ftatera, anda large fcale to the neck of the bladder, 
we put weights, by degrees, into the fcale, till we thus forced off the blad— 
der from the glafs; which hapned not till the weight amounted to thirty-five 
ound. 
37. We caus’d a pair of bellows tobe made different from ordinary ones, Bellows, witbihe- 
their boardsbeing circular,without handles, andwithout clack or valve, the nofer es tag 
but an inch long, to belengthned, if occafion required, witha pipe, and about when the pref: 
fix inches in diameter, the leather being limber ; fo that when the bellows were (“7.4 tea” 
open’d to their full extent, by drawing up the upper bafis ata button purpofely Fig. 5. 
made in the midft of it, they refembled a cylinder fixteen or eighteen inches 
hich; but there was fome little, and unperceiv’dleak in them, whereat air had 
paflage, when the nofe was accurately ftopp’d; however, if we drew up: 
the upper bafis from the lower, the external air would, on all fides, prefs the 
leather inward, and render the fhape of the inftrument very far from cy- 
lindrical. Then carefully {topping the nofe, after we had brought the bafes to. 
touch each other, and conveying the inftrument into a large receiver, it quickly 
appear'd, when the pump was fet on work, that, at every exfudtion, the 
air in the folds of the leather, and the reft of the little cavity left between 
the bafes, made the upper of them manifeftly rife ;tho’ its own weight would. 
foon after deprefs it again, either by driving out fome of the air, where 
the inftrument was not fufficiently tight, or by making ir, as it were, 
ftrain thro’ the leather itfelf: and if the pump were ply’d fafter than ordi-’ 
nary, the upper part of the bellows, would be foon rais’d to a confiderable 
height ; as appear'd more evidently, if we haftily let in the external air, 
whereby the bafes would be clapt together, and the upper of them confi- 
derably deprefs'd ; fo that the imperfeétion of the bellows render’d the ex-_ 
periment rather more than lefs conclufive: for fince there was no external 
force apply’d to open them, if, notwithftanding fome of the included air™ 
could get out, the ipring of the internal air was ftrong enough to open 
the: 
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Preumarics:the bellows, when the ambient air was withdrawn, much more would 


( 


An attempt to 
examine the by- 


| pothefis of ather, 


as to its extft- 
ences 


the effect have been produced, if the bellows had been perfectly ftanch. 
38. Since, if there be fuch a thing as a celeftial matter, or zther, it mutt 
compofe far the greateft part of the univerfe known to us; it deferves to 
be enquir’d, whether we can, by fenfible experiments, difcover its exift- 
ence, or qualities. ‘To this end I thought our pneumatical engine might 
contribute, if I could manage therein fuch a pair of bellows as I defign’d ; 
for I propofed to faften a convenient weight to the upper bafis, and clog the 
lower with another, able to keep it horizontal, and immoveable, fo that 
when, by the help of the turn-key, the upper bafis fhould be rais’d to its 
full height, the cavity of the bellows might be brought to its full dimen- 
fions. ‘This done, I intended to exhauft the receiver, and, confequently, 
the bellows, thus open’d; fo that both the receiver, and they, might be 
carefully freed from air: after which, I purpos’d to let go the upper bafe 


of the bellows, that being haftily deprefs’d by the incumbent weight, it 


Fig. 58 


might fuddenly fall down to the lower; and by thus greatly leffening 
the cavity, expel thence the matter, if any there were, before con- 
tain’d in it; and that, if it could, by this way, be done, at the hole of 
a {lender pipe, faften’d either near the bottom of the beliows, or: in the 
upper bafis, againft, or over the’orifice of which pipe, there might be 
placed, at a convenient diftance, either a feather, or the fail of a little 
wind-mill, made of fome other light body, fit to be put into motion by 
the impulfe of any matter which fhould be forc’d out off the pipe. 

Now, if by this means, notwithftanding the abfence of the air, it fhould. 
appear, that a ftream of other matter, able to fet vifible bodies in mo- 
tion, fhould iflue out at the pipe of the comprefs’d bellows, it would alfo 
appear, that there may be, plentifully, found a much fubtiler body than 
common air, in places deferted by fuch air ; and that it is not fafe to con- 
clude, from theabfence of the air, in our receivers, and the upper part of 
the Torricellian tube, that there is no body, but an abfolute vacuity. But 
if, on the other fide, there fhould appear no motion at all to be produc’d, 
fo much as in the feather, it fhould feem, that either the cavity of the bel- 
lows was abfolutely empty; or that it would be very difficult to prove, 
by any fenfible experiment, that it was full. And if, by any other means, it 
be demonftrable, that it was replenifh’d with ether, we might fuppofe, from 
our experiment, that ‘tis not eafy to make it fenfible by mechanical experi- 
ments ; and that ‘tis really fo fubtile, and yielding a matter, as does not 
either eafily impel light bodies, or fenfibly refift, like air, the motions of 
other bodies thro’ it ; but is able, freely, to pafs the pores of wood, leather, 
and clofer fubftances, which the air, in its natural ftate, doth not. 

And, to make the trial more accurate, I caus‘da fmall pair of bellowstobe 
made with a bladder; and that this might remain entire, we glued the 
two bafes, the one to the bottom, and the other to the oppofite part thereof; 
fo that the neck came out at a hole, purpofely made for it, into the up- 
per bafis; whence, into the neck it was eafy to fix what pipe we judg’d 
fit. Wehad, alfo, thoughts of procuring another pair of tight bellows, 

made 


| “made with a very little clack in the lower bafis; that, by haftily draw- Pupusa rics, 
ing up the other bafis, when the receiver and bellows were very carefully “* ¥% 
-exhaufted, we might fee whether the fubtile matter that was expell’d b 
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the upper bafis, in itsafcent, would, according to the modern doctrine of 
the circle, made by moving bodies, be impell'd up, or not. 
We, likewife, thought of placing the little pipe of the bladder-bellows, be- 


‘neath the furface of water, exquifitely freed from air, to fee whether, upon 


the depreffion of them, by the incumbent weight, when the receiverwas 
carefully exhaufted, there would be any thing expell’d at the pipe, productive 
of bubbles in the liquor, wherein its orifice was immers’d. 

To bring our conjectures, to a trial, we put intoa capp-d receiver, the 


‘bladder, accommodated as already mentioned, containing between halfa 


pint, anda pint ; and todeprefs the upper bafis of thefe little bellows the 
more eafily, and uniformly, we cover’d the round piece of. paft-board, that 
made the upper bafis, with a pewter plate; a hole being made init for the 


neck ofthe bladder: which, upon trial, prov'd not ponderous enough without 


weight of lead. And _to fecure the eather. above-mention’d, from being 


‘blown afide, we madeit to moye.in a perpendicular flit in a piece of pait- 


board, faften’d to one part of the upper bafis ; as that whereto we glued 
the feather, was to another part. ‘Things being thus provided, the pump 
was work’d ; and as the ‘ambient air was, from time totime, withdrawn, 
that inthe bladder expanded itfelf.fo as. to lift up the metalline weight, 
and yet, in part,.to {ally outatthe little glafs pipe of our bellows ; as ap- 
peard by its blowing up the feather, and keeping it fufpended, till the 
{pring of the air in the bladder was too far weakned. .In the meantime, 
swe did, now and then, by the help of a ftring faftned to the turn-key, and 
‘the upper bafis of the bellows, let down the bafis a little, to obferve how, 
upon its finking, the blaft, againft the feather, would decreafe, as the re~ 
ceiver was further exhaufted. And when we judg’d it to be fufficiently 
freed from air, we let down the weight, but could not perceive that, by 


- fhutting the bellows, the feather was at allblown up as before ; tho’ the 


upper bafis were more than ufually deprefs’d.. Andyet it’s fomewhatodd, 
that when, in order.to.a further trial, the weight was drawn, up again; as 
the upper bafis rofe from the lower, the fides of the bladder were fenfibly. 
prefs'd, or drawn inwards. The bellows being thus open’d, we. let 
down the upper bafis again, but could not perceive that any blaft was pro- 
duced; for tho’ thefeather, which lay juft over, and near the orifice of 
the little glafs pipe, had fome motion, yet this feem’d plainly to be but 
a fhaking, and almoft vibrating motion, whereinto it was put by the 
upper bafis, which the firing kept from a {mooth and uniform defcent: ; 
but not to proceed from any blaft, iffuing outof the cavity of the bladder. 
And, for further fatisfaction, we-caufed fome air to be let into the re- 
ceiver ; becaufe there was a poflibility that the flender pipe might, iby fome 
accident,.be choaked.: -but tho’, upon the return of the air. into the recei- 
yer, the bafes of the.bellows were prefs’d.clofer together, yet it feem'd 
that fome little air got thro’ the pipe, into the cavity of the bladder. ; for 
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Preumarics when we began again to withdraw the air that was let into the receiver, 


the bladder began to {well again, and, upon letting down the weight, to 
blow up, and fuftain the feather, as happend before the receiver had been 


fo well exhaufted. 


Speed 39. I caus’d a crooked pipe to be made for the fyringe, formerly men- 


tion’d, inflead of its ftrait one, whofe fhorter leg was parallel to the lon- 
Fig. 59. ger. And this pipe, after being fcrew’d on carefully, was cemented tothe 


barrel; and becaufe the brafs-pipe could fcarce be made {mall enough, 


we caufed a fhort and flender pipe of glafs, to be put into the orifice of 
the fhorter leg, and carefully faften’d to it with cement. Then the fucker 
being made to go fmooth, without leflening the ftaunchnefs of the fyringe, 
there was faften’d to the handle of the rammer, a weight made in the 
form of a ring, or hoop ; which, by reafon of its figure, might be fufpended 
from the handle of the rammer, and hang loofe on the outfide of the cy- 


linder, and which, both by its figure and weight, ‘might eafily, and fwiftly 
deprefs the fucker, when drawn up. The fyringe, thus furnifh’d, was 


faiten’d toa broad, heavy pedeftal, to keep it in its vertical pofture, and to 
hinder it from tottering, notwithftanding the weight that cloge’d it. Befides 
all this, we took a feather, about two inches long,of which there was left, at 
the end, a part about the breadth of a man’s thumb-nail, to cover thecrifice 
of the flender glafs pipe of the fyringe ; for which purpofe, the other extre- 


mity of it was fo faften’d, with cement, to the lower-part of the fyringe,’ 
that the broad end of the feather ftood juft over the little orifice of the 


glafs, at fuch a convenient diftance, that when the fucker was a little 
drawn up, and let go again, the weight would deprefs it faft enough to 


blow up the broad part of the feather. The handle of the rammer, being 


now ty’d to the turn-key of a capp’d receiver, the fyringe, and its pe- 
deftal, were inclofed in a capacious receiver ; and the pump, being fet on’ 
work, we, after fome quantity of air was drawn out, rais’d the fucker a 


little, by the help of the turn-key: and, then, turning the fame key the | 


contrary way, we fuffer’d the weight to deprefs the fucker, to fee how 


the feather would be blown up ; and, finding that it was impell’d, forcibly; _ 


we continu'd to pump, by paufes; during each of which, we raisd and 
deprefs’d the fucker, as before; and -obferv’d, that as the receiver was 
gradually exhaufted of air, the feather was'lefs briskly driven up, till, 
at length, when the receiver was well empty’d, the ufual elevations and 


depreffions of the fucker would not blow it up at all, tho’ they were far 


more frequently repeated than before. | 

After we had long tried, in vain, to raife the feather, fome air was let 
into the’ receiver; and tho, when but very little air was admitted, the 
motions of the fucker had fearce any fenfible effe€t upon the feather ; yet, 
when the quantity began to be confiderable, the feather began to 
move a little upwards ; and fo letting in air, not all at once, but fucceffive- 
ly, and moving the fucker up and down, in the intervals of thofe times 
of admiffion; we obferv’d, that as the recciver contain'd more air, the 
feather was more briskly blown up. 


But 
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But, not content with a fingle trial, we caus’d the receiver to be again Prrumaries. 
exhaufted, and profecuted the experiment with the like fuccefs; only 
having, after the receiver was exhaufted, drawn up, and let fall the 
fucker, feveral times, ineffectually ; having, hitherto, not, ufually, rais’d 
it by more than one turn of the hand; we now ufed an inftrument, 
that was tolerably long, and fit to take hold of the turn-key, fo that we 
could eafily raife the fucker between two and three inches at a time, 
and fuddenly deprefs it again: yet, for all this, which would much have 
increas the blait, if there had been a matter fit for it in the cavity of the 
fyringe, we could not, fenfibly, blow up the feather, till we had let a 
little air into the reterver. Buc, now, inftead of the bra{s-pipe, hitherto 

employ'd, we cemented one of glafs to the fyringe; its fhorter leg, after Fig. ¢o. 
it had, for a while, run parallel to the other, being bent off fo, that above 
an inch and a half of it tended downwards ; whereby the orifice of it might 
be immers’d in the water contain’d in a {mall open jar. The defign of this 
contrivance was, that when the receiver fhould be: well exhaufted, we 
might try whether, by raifing and depreffing of the fucker, any fuch mat- 
ter would be driven out at the nofe of the pipe, as would produce bubbles 
in the incumbent water; which, air, tho’ highly rarify’d, is capable of doing. 
_ The only particulars, wherein this experiment difter’d from the former, 
were thefe. As the air was.here pump'd out of the receiver; that in the 
glafs-pipe made its way thro’ the water, in bubbles. And a little -air 
having once, by a {mall leak, got in, and fore’d fome of the water out of 
the jar into the pipe; when the receiver was again well empty'd, both 
that water, and the little ftagnant quantity contain’d in the immers’d part 
of the pipe, produced fo many bubbles, of feveral fizes, as quite difturb’d 
our obfervations. Wherefore, we let alone the receiver, exhaufted as it 
was, for fix or feven hours, that the water might free itfelf from air ; and 
then caufing what air might have ftolen in, to be again pumpd out, till 
we perceiv d, by the gage, that the receiver was well exhaufted, we caus’d 
the fucker of the fyringe to be rais’d and deprefs'd feveral times ; and tho’, 
even then, a bubble would, now and then, difturb our obfervations, yet, 
when we were not thus confounded, we fometimes obferv’d, that the ele- 
- vation and fall of the fucker, tho’ repeated, did not drive out at the pipe, 
any thing that. made difcernible bubbles in the incumbent water : for tho’ 
fome {mall bubbles would rarely appear on the furface of the water, yet. 1 
could not perceive, that the matter which made them, iffued out of the pipe; 
and fome of them manifeftly proceeded from aerial particles, ftill lurking in 
the water, as I concluded from the place and time of their rifing. But, at 
length, we obferv'd, the water, in the immers’d part of the pipe, which 
was very flender, tobe about an inch higher than the reft of the ftagnant 
water, andto continue at that height in the pipe, tho’ the fucker were, fe- 
veral times together, rais’d and deprefs’d, betweentwo and three inches at 
once ; which feem’d to argue, that there was a vacuum in the cavity of the 
fyringe : .or if it were full of ether, ps was fo fubtile, that the impulfe it 
be tots 2 re- 
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Pxzumaries. receiv 'd from the falling fucker, would not make it difplace that very flen-- 
me der thread of water in the fmall pipe ; though it appear’d by the bubbles, 
which fometimes difclos’d themfelves in the water, aftér the receiver had. 
been exhaufted, that far more water would be difplaced, and carried up by 
a {mall bubble, confifting of air, fo rarified, that, according’ to my, efti-- 
mate, the particles of it did not, before the pump was firft fet on work, 
poflefs, inthe water, a five hundredth part of the {pace of a pin’s head. 
Alight body fale 40. We took a receiver twenty-two inches high; and, that we might - 
eae let a body fall therein, we fo faften’d a {mall pair of tongs to the in- 
ee Fide of its brafs-cover, that, by moving the turn-key, we might, by 
Fig. 61. a flring, openthem ; which their own {pring would, otherwife, keep fhut :. 
we then join’d, crofs-wife, four broad light feathers, each about an inch 
long, at their quills, with a little cement; iftto which we, alfo, ituck, per- 
- pendicularly, a {mall labelof paper, about the eighth ofan inch in breadth; _ 
and fomewhat more in height; by which the tongs might take hold of ' 
our light inftrument, without touching the cement, which, elfe, might ftick 
tothem. By the help of this fmall piece of paper, the little inftrument, 
of which it made a part, was fo held by the tongs, that it hung horizon-. 
tal; and then the receiver, being cemented to the‘engine, the pump was 
diligently ply’d, till it appear’d, by a gage, that the- receiver had:been. 
thoroughly exhaufted. Laftly, our eyes, being attentively fixed upon the: 
conneéted feathers, the tongs were, by the help of the turn-key, open’d, 
and the little inftrument let fall ; which, tho’, inthe air, it had made fome: 
turns in its defcent from the fame height,whence it now fell’; yet it here de- 
fcended like a dead weight, without being perceiv'd to wiake a fingle turn, 
ora partof one. However, Icaufed the receiver to be taken off, and put: 
on again, after the feathers were taken hold of by thetongs ; whence, 
being let fall in the glafs, unexhauited, they made fome turns in their de~ 
feent ; as they, alfo, did, being let fall a fecond time, after the fame manner. 
But when, after this, the feathers being placed, as before, we repeated’ 
the experiment, carefully pumping out the air, we could. not perceive any 
turning in the defcent; yet, for farther fecurity, we -let them fall twice, 
more, in the unexhaufted receiver ; and found them to turn in falling : but® 
‘when we did, a third time, fet them loofe in the receiver, well exhaufted ; 
_ they fell, after the fame manner they had, in the fame cafe, done before. ~ 
Epa 41. Wecaus'd a cylinder of box to be turn’d of a length fuitable to that 
extanfed w- of the receiver, wherein it was to beemploy’d. Out of the lower bafis of* 
ab this cylinder, which was about an inchand a half in diameter, there came: 
a fmaller cylinder cr axle-tree, not a quarter fo thick as the other, and lefs- 
than an inch jong: this was turn’d very true, that it-might move fmoothly 
in a little ring of brais made for ic in the midft of a fix’d trencher, or piece 
of folid wood, fhap’d like a mill-ftone; being four or. five inches in breadth, 
and between one and two in thicknefs: -and the large round groove, pur-- 
pofely made, in the lower part of this trencher, Icaufed to be fill’d up 
with lead, to keep the trencher fteady: and in the uppermoft part of this. 
trencher we intended to have holes made, to place bodies in:.at feveral di-. 
ftances, as occafion fhould require. ‘The upper bafis of the cylinder had, alfo, . 
another axle-tree coming out of the midft of it, but wider.than the former, 
that 
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that into its cavity it might receive the lower end of the turn-key, to which Pxtutaries. 
"twas to be faften’d by a flender peg of brafs, thruft thro’ two correfpondent “~ * ™““" 
holes, the one made-in the turn-key, and the other in the focket of the axle- | 
tree. There were alfo feveral horizontal perforations made in the pillar itfelf, 
to which this axis belong’d ; which pillar we call the vertical cylinder. The 
general ufe of this contrivance, is, that the end of the turn-key being put into 
the focket, and the lower axis of the vertical cylinder into the trencher ; by the 
motion of the Key, a body faften’d at one of the holes to the cylinder may 
be brought to, or remov'd from, or made to ftrike againft another body, 
faften’d, in a convenient pofture, to the upper part of the trencher. 

Wecaus’d then a hand-bell without its handle and clapper, to be fo faften’d, 
to a ftrong wire, that one end of the wire being fixed inthe trencher, the ~ 
other, which was bent downwards, took hold of the bell. In another 
hole, made in the circumference of the fame trencher, was wedg’d a fteel 
{pring, to the upper part whereof was wedg’da gad of fteel lefs than an inch 
long, but confiderably thick; the length of this {pring made the upper 
part of the hammer, or piece of fteel, of the fame height with the bell ; and. 
the diftance-of the {pring from the bell was fuch, that when fore'd back 
the other way, it might, at its-return make: the hammer {trike briskly up- 
onthe outfide of the bell. The trencher being thus furmfh’d and plac’d in 
acapp’d receiver, the air was diligently pump‘d out, and then, by the help. 
of the turn-key, the vertical cylinder was made to go round, by which. 
means, as often as one of the two ftiff wires, or {mall pegs, that were taften’d 
at right angles into holes made near the bottom of the cylinder, pafs'd by the- 
foring, they forcibly bent it in their paflage from the bell, fo that as foon 
as the wire was gone by, and the {pring ceas’d to be prefsd, it would fly 
back with violence enough to make the hammer give a {mart ftroke upon 
the bell. And, by this means, we could both continue the experiment at 
 difcretion, and make the percuffions more equally {trong than it would. o-- 
therwife have been eafy to do. aiviod 
Now, when the receiver. was well emptied, it fometimes appear'd . 
doubtful whether any found were produc’d or no; butto me, for the moft 
part, it feem’d, that, after great attention, I heard a very faint and. lan= 
guid found, and yet methought it had fome fhrilnefs. in it, and-feem’d ta. 
“come from afar. But letting in the air, .at competent intervals,.1 was'ea~ 
fy to obferve, that the vertical cylinder being full made to go round, when. 
alittle air was let in, the ftroke of the hammer upon the bell became < 
audible: when more air was admitted, the found grew greater, and fo: 
‘neveas’d. till the receiver was again repleniftYd with air; tho’, ever then, 
the found was obferv’d to be much lefs than when the receiver did not. in- 
terpofe betweett the bell and the ear. | | | 
We now, alfs, fufpended in the receivera wateh with a-good alarum yand: 
to make this experiment the more accurate, weemploy d a receiver that. 
confifted of but one piece of glafs furnifh’d on the infide witha glafs knob.or 
button, to which. a ftring might. be ty’d:. we alfo hung the watch, not. 
by its chain, but by a very flender thread, whofe upper end wasrfaften'd tox. 
the glafs button. .'Thenthe:air.being carefully pump’d_out, we filently expec-- 
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“Preomarics.ced the ringing of the alarum; but hearing’no noife fo foon as we expected, 
it might have been doubted, whether the watch continued song, if we 
had not contriv'd a way to difcern its motion: wherefore, I defireda gen- 
tleman to hold his ear exactly over the button, at which the watch was ful- 
pended, and very near to the receiver; who told us, that he could juft per- 
ceive fomething of a found, which feem’d to come from far; tho’, neither 
we, who liften’d very attentively near other. parts of the receiver, nor he, 


if his ears were no more advantageoufly placd, were fatisfied, that we 
heard the watch at all. Then letting in fome air, we did, with attention, - 


begin to hear the alarum, whofe found was odd; and by returning the 
{top-ceck, to keep any more air from entering, we kept the found thus low 
for a confiderable time ; after which, a little more air, that was permitted to 
“enter, made it become more audible; and when theair was yet more freely 
admitted, we could plainly hear the alarum at a confiderable diftance from 
the receiver *. Page ke | 
A glafs-diop 42. Lhe blunter part of a glafs-drop being faften’d toa ftable body, 
-hanfied receiver, and convey'd into the receiver, and the crooked ftem being ty’d to one end 
of a ftring, whofe other end was faften’d-to the turn-key, we carefully 
pump-d out the air; when the ftem, by fhortning the ftring, being broken 
off, the gla{s-drop was fhatter'd into a thoufand pieces. | 


This experiment was, afterwards, repeated with the like fuccefs ; and 


having, at that time, no gage.to try how far the air had been drawn out, 
we let the external air impel up the water out of the pump into the recej- 
ver, and thereby found, that the veffel had been well exhaufted. 
Lioht toduceg 43° SNowing, that hard fugar, being br iskly {craped witha knife, affords 
Ly cbeae {parkling light; fo that one would fometimes think {parks of fire few 


receiver, = from it; we caus’d a lump of hard loaf-fugar to be conveniently, and 
firmly plac’d in.the cavity of our capp’d receiver; and, to the vertical cy- 
a Figs 62, linder, ‘formerly mentioned, we faften’d fome pieces of a fteel-fpring, 


which, being but thin, might, in their paflage along the fugar, grate or rub 
: forcibly againft it ; and, then the receiver being well exhaufted, in the night- 
‘time, and ina dark room, the vertical cylinder was made, for a pretty while, 
tomove round, by help of the turn-key. Thus the irons that came out of the 
~wertical cylinder, making, in their paflage, vigorous impreffions upon the 
-fugar, that ftood in their way, there were manifeftly produced many little 
flafhes ; and fometimes too, tho’ not frequently, there feem’d to be ftruck 
off {mall {parks of fire t. | 44. We 


* That found cannot. be. ropagated From fome other experiments of the 
thro’ a vacuum, appears more ully from | fame perfon, ‘tis alfo evident, that founds 
an experiment of ‘the late Mr. Hauksbee, | are as well augmented in 

“who included a large bell in a receiver | as diminifh’d in that, which is rarified. 
fall ofcommon air, and cover’d them both | See his Phyfico-mechan. Experiments, p- 129. 
with another.glaf, out of which, the air 134. | 
being extra&ed, tho’ found was actually 
produced in the innermoft, it could not Tt From a variety of experiments, rela- 
be heard by the by-ftanders. Philof. Tranf. ting tothe aftrition of bodies in VACHO, 
WP. 321. p..367. . made by the late Mr. Hauksbze, it appears, 
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44. We took a Jarge inverted cucurbit for a receiver, made very clear PseuMazies: 
by wiping, and obferv’d, that when the pump began to be work’d, if a Pind of bate, 
large candle were held on the other fide of the glafs, upon turning the ftop- x4 cients eae 
cock to let the air out of the receiver into the cylinder, the glafs would Daaited vecoiate 
feem to be full of fumes, and a kind of halo appear about the flame of the 
candle ; and this, at firft, was commonly between a blue and a green, 
but after fome fucks, turn’d of a reddith or orange colour, both very vivid. 

The phenomenon, in my opinion, proceeded from hence, that the cement 
being fomewhat foft, and abounding with turpentine, and having a hot i- 

ron apply’d to it, whereby it was both foften’d and heated, it feems ratio- 

nal to expect, that, upon withdrawing the air in the receiver, the aerial 
particles in the cement freed from their former preflure, would extricate 
themfelves, and with the loofer fteams of the turpentine, and perhaps of 

the bees-wax, expand themfelves, with a kind of explofion, in the receiver ; 

and by their interpofition between the light and the eye, exhibit thofe de- 
lightful colours we had feen. And, I afterwards found, that I could 
plainly perceive the colouring fteams, juft upon turning the ftop-ccck, to 
fly up from the cement towards the top of the glafs; and, if we continued 
pumping, the receiver would grow clearer, and the colours more di- 

lute, poffibly becaufe the aerial and volatile particles of the upper part 

of the cement did, in that time, {pend themfelves ; and alfo, becaufe the 
agitation they receiv'd, from the heat communicated by the iron, continu-- 
ally decay d. Befides, when the receiver is more exhaufted, the want of- 
air makes it more difficult for fteams to float, and be fupported in it. 

But, for a farther confirmation, I caus’d fome cement to be put into a- 
fmall crucible, warm enough to melt it; and conveying this into a clear re- 
ceiver, I caus’d the pump tu be work’d: upon which, it manifeftly: 
appeard, that, opening the ftop-cock, to let out the air, the fteams 
would copioufly be thrown about from the crucible into the capacity of the 
receiver; and, after having play’d there a little, fall down. again. Bur, 
in thefe phenomena, the vividnets, and fometimes the kind of the 
exhibited colours feem’d much to depend on circumftances, fuch as the de— 
erees of heat, the magnitude and fhape of the receiver, the quantity of: 
air that remain’d therein, and the nature of the cement itfelf. | 

45. Crofs the ftable trencher, formerly mention’d, we faften’d a ftrong pea: jroduced 
fpring of fteel, fhaped almoft like the lathe of a crofs-bow ; and to the midftly atirition ix 
of this {pring was ftrongly fix’d on the outfide a round piece of brafs, hol-?2™"e4 = 
low’d almoft like a concave burning-glafs. ‘To this piece of brafs,which was 
thin, and about two inchesin diameter, we fitted a convex piece of the fame Fig. 63. 
metal, almoft like a gage for a tool to grind glaffes in, which kad belong- 
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that different forts of bodies afford lights | cular light, may, by attrition, be brought 

greatly differing in_ colour, force, and vi- | to yield no more thereof ; and that a con- 

gour ; that the efte&ts of attrition vary fiderable light is producible, by the at- 

with the different preparation and ma- | trition of glafs on glafs, both im vacuo, in 

nagement of: the bodies which fuftain it ; | common air, and even in water.- Hanksi~ 

that bodies, which have yielded a parti- [ Phyfico-mechan. Exp. p 49—-44e. 2 
| ing 
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Fxeyariesing to ita fquare handle, whereinto, asinto a focket, was inferted a {quare 
piece of wood, proceeding from the bafis of a {quare wooden pillar, 
which we made ufe of, on this occafion, inflead of our vertical cylinder. 
By the help of another piece of wood, coming from the other bafis of the 
fame pillar, the turn-key was join dto this pillar, and made of fuch a length, 
‘that when the turn-key was forcibly kept down as low as the brafs-cover, 
it was.a part of, would permit, the convex piece of metal juft defcrib'd, 
deprefs'd the concave piece a pretty way, notwithftanding a vigorous re- 
fiftance of the fubjacent fpring. A littl fine powder of emery was alfo 
put between the convex and concave pieces. of brafs, to make them fir the 
better, and to facilitate the motion that was to be made ; and, tothe upper 
art of the turn-key was faften’d a good wimble, without which, we, pre- 
dum’d, that the turning of the key would not produce a fufficient. motion. 
‘Things being thus in readinefs, and a mercurial gage conveyd into the 
receiver, we causd the air to be diligently pump’d out, and then order’da 
ftrong man to turn the wimble, and to continue to lean.a little on it, that 
“he might be fure to keep the turn-key from being lifted up. by the {pring. 
Whilit the man, with much agility and ftrength was moving the wimble, 1 
~watchd the gage, to obferve, whether the agitation of the ftop-cock, and 
_confequently the engine, did not prejudice the experiment ; and for greater 
caution, Icaus’d the pump to be almoft all the while kept working. When 
the man was almoft out-of breath, we let in the air at thecover of the re- 
ceiver, by lifting up the turn-key ; and nimbly removing the receiver, we 
“felt both the pieces of brafs, betwixt which the attrition had been made, 
_and found them very fenfibly warm. ae 
‘We afterwards caus'd the man to lay hold of the wimble again, when, 
by the gage, it appear'd, that the receiver was well exhaufted; fo that b 
“farther pumping the quick-filver feem‘d not to befurther deprefs‘d. es 
in this fecond trial, when we did, as before, haftily let in the air, and 
take out the bodies that had been rubb‘d againft one another, they were 
both of them, efpecially the uppermoft, fo hot, that I could not endure 
to hold my hand on either ; and they did, for fome time, retain a confidera- 
ble degree of warmth. I alfo caus’d two bodies of wood to be turn’d, 
“for fize and fhape like thofe of brafs, which we had juft before employ’d; 
~the upper ‘of thefe was of hard oak, the other of beech: but, tho’ the 
wimble was {wiftly turn’d, as before, by the fame perfon, the wood feem’d 
“notto me to have manifeftly acquired any warmth; yet, that there had 
been .a confiderable attrition, appear’d by the great polifh, which part of 
“the wood had evidently acquired : however, upon repeating the experiment, 
with more obftinacy than before, the wood, efpecially the upper piece of 
-it, was brought to a warmth unqueftionably fenfible. : 


Quich-Time | 46. Intoan‘evaporating glafs, we puta convenient quantity of water; 
(lesa 7. and having convey’d it into ‘a receiver, and well drawn out the air, we let 
etiver, down into it, by the turn-key, a large lump of ftronglime; and obferv’d not, 


that, at the firft.emerfion, nor for fome time after, there appear’d any confi- 
,derable numberof bubbles ; but within‘about a quarter of anihour, the lime 
| | began 
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began, (the pump continuing to be ply’d, from time to time,) to flake with Pszymaries* 
much violence, and with bubbles wonderfully great, appearing at each 
new exfuction ; fo that the infide of the receiver, tho’ large, was, at length, 
lined with lime-water; and much of the mixture did, from time to 
time, overflow the veflel, a great part whereof was purpofely left unfill’d : 
nor did any thing, but our wearinefs, put a period to the bubbling of the 
mixture, whofe heat was fenfible even on the outfide of the receiver, and 
«continued confiderably hot, in the evaporating glafs, for a quarter of 
an hour after the receiver was remov’d. ‘The lime, employ’d in this ex- 
periment, was of a very good and ftrong kind, made of hard ftones, and 
not of chalk, asis that commonly ufed at Loudox, which, probably, would 
not have been ftrong enough to have afforded us the fame phenomenon. 

47. To try, by means of our fyringe, formerly mention’d, what weight Se id 

awcylinder of uncomprefs'd air included in it, and confequently of the fame force of the 
diameter with the cavity of the barrel, would be able to fuftain; we/Prirg F inte 
provided a ftable frame, wherein the fyringe might be kept frm | 
and erect: we alfo provided a weight of lead, fhaped like our brafs- 
ring, formerly defcrib’d, that, by the advantage of its figure, it might be 
made to hang down, by ftrings, from the top of the handle of the rammer, 
and fo prefs evenly on all fides, without rendring the upper part of the in- i 
ftrument top-heavy. We took care to leave between the bottom of the 
fyringe, which was firmly clos’d with ftrong cement, and that part of it, 
‘where the fucker was, a convenient quantity of air to expand itfelf, and 
Jift up the weight, when the air external to that included, fhould be 
ump d out of the receiver. And laftly, the handle of the rammer, from 
which the annular weight depended, was fo faften’d\ to the turn-key of 
the cover of the receiver, that the weight might not-comprefs the air in- 
cluded in the fyringe, but leave it in its natural ftate, till the air was with- 
drawn from the receiver. 

By this method, the included air would lift up a weight of feven, or 
eight pound ; yet, when therammer came to be cloge’d with a greater, 
the initrument prov’d not foftanch, but that it was eafier for fome parti- 
cles of air to get away between the fucker, and the infide of the barrel, 
than to raife fo great a weight. But, if an exact fyringe can be procured, 
this feems to be one of the likelieft, and leaft exceptionable ways of meafu- 
ring the force of the air’s fpring. | : 

But, being unable to procure fuch a fyringe as I defired, I got two hol- Fg. 64. 
low cylinders to be turn’d, whofe fides were of a fufficient thicknefs to 
refift the preflure of the air to be imprifon’d in them ; one an inch 
in diameter, and the other two: their depths were alfo unequal, that the 
one might receive a much larger bladder than the other. With the leffer of 
thefe, I made a diligent trial ; but found it very difficult to procure a blad- 
der fmall, and fine enough for the cylinder: andthat which we,at length, pro- 
cured, would not continue ftanch for many trials ; but, after a while, par- 
ted with a little air in the well exhaufted receiver, when *twas cloge’d with | 
the utmoft weight it could fuftain : but whilft it continued ftanch, we made ‘. 
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Peponatice-one fair trial with it; from whence we concluded, that a cylinder of air of 
_ “aninch in diameter, and lefs than two inches in length, was able vifibly to 
raife a weight of above ten pound, averdupoize. 

At another time, into a hollow cylinder of wood four inches deep, 

and two in diameter, furnifh’d with a broad and folid body or pedeftal, 

we put a lamb’s-bladder very ftrongly ty’d at the neck; on which, we fet a 

wooden plug, mark’d with ink, where the edge of. the cylinder was conti- 

guous to it: this plug being loaded with weights, amounting to thirty-five 

pound, the receiver was exhaufted, till the mark appear’d very manifeftly 

above the brim of the cylinder; and then, tho’ the {tring was, by turning the 

key, quite flacken’d, yet the mark on the plug continued very vifible. And, 

when fo much air was let into the receiver, as made the weight deprefs the 

plug quite beneath the mark, upon pumping out the air again, the weight was, 

- without the help of the turn-key, liftedup ; and by degrees, all the markof 

the plug was rais‘d above three eighths higher than the edge of the cylinder. - 

Whereiore, we fubftituted for the feven pound. weight, one of fourteen; 

and ufing the fame bladder, we repeated the experiment ; only a little fup- 

porting the uppermoft weight by the turn-key, till the bladder had attained 

its expanfion ; and then the weight, being gently let go, deprefs’d not the lug 

folow, but that we could yet fee the mark on it; tho’ that part of the 

plug where the mark was, appear’d manifeftly more deprefs'd than the other: 

‘An eafy way of 48. We took a brafs-veflel, made like a cylinder, and having one of its 

seating a Soa oritices exactly coverd with a flat plate firmly faften’d to it, the other 

aided ait raife orifice being wide open: the depth of this veflel was four inches, and the 

earn diameter three and three quarters. To this hollow cylinder we fitted a 

ti wooden plug, like one of thofe defcribed in the foregoing experiment ; 

only it was not quite fo long, and was furnifhed with a lip, which we; 

purpolely, made of a confiderable breadth, that it might afford a table 

bafis to the weight that fhould reft upon it: then, ‘taking. a. middle-fized 

limber bladder, ftrongly ty’d at the neck, but not near full blown 5 we 

prefied it, by the help of the plug, into the cylinder, that it might the bet= 

ter fit itfelf to the figure thereof: then, taking notice, by a mark, how 

much of the plug was extant above the orifice of the veflel, we laid the 

weights upon the plug, whofe lip hinder’d it from being deprefled too 

deep into the cavity of the veffel ; and, having convey’d them into the re- 

ceiver, we found, that a common half hundred weight would very foon. 
be manifeftly raifed by the {pring of the included air. 

In another experiment, the bladder in a cylinder four inches broad, raifed, 

75 pound weight, till the wooden plug difclofed the mark defign’d. to fhew 

the height at which the air kept the plug, before it was comprefled ; and 

this, vifibly, at the fifth exf{u@ion ; and at the feventh, that mark was raifed. 

;% above the edge of the cylinder. In the gage, where the mercury, in 

the open air, ufually ftood, about an eighth. above the-uppermoft glafs-. 

mark, it was depreffed an eighth below the. fecond. mark; and after we. 

let in the air, it was a pretty while before the weight manifeftly began to. 

fubfide.. ‘he bladder being taken. out,, and the place it had poffeffed in the: 


cylinder 


| Fig. 66 
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cylinder being fupply’d with a fleeve, or fome fuch thing, and the weight Pssumartes 


daid again upon the plug ; we found, that, at twenty-four exfuctions, the 
mercury was depreffed to the loweft mark of the gage; and the thirty- 
fourth, or thirty-fifth exfuction was made, before the receiver appear’d 
to-be fo exhaufted, as to ftop the finking of the mercury, which was then 
above one eighth beneath the loweft mark. But, having caufed leaden- 
weights to be, purpofely, caft flat, and as broad as we could conveniently 
put into the receiver, that, by the advantage of this fhape, we might be 
able to pile up the more-of them, without much danger of their being 
fhaken down; we laid feveral of them one upon another: and, then, the 
upper part of the reeciver growing too narrow to admit any more; we 
added a weight, or two, lefs broad ; when, exhaufting the receiver, till 
we perceiv’d, by the gage, that the air was manifeftly withdrawn ; we 
found, by the help of a mark, and a pair of compafles, the plug to be fo 
far rais’d, that twas concluded, the elevation would have been much 
greater, if the included air had not found it eafier to produce fome leak 
at the neck of the bladder, than to lift up fo great a weight ; which was 
about a hundred pounds, averdupoize. 
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49. We weighd a feal’d bubble in the receiver, and found it above half To foew the 


a grain heavier when much of the air was exhaufted, than when it was 
full: afterwards, we took out this bubble, and found it to weigh fixty- 
eight grains and a half ; then, breaking off the fmall tip of it under water, 
we found, that the heat, by which it was feal’d up, had rarify’d its in- 
cluded air, fo that it admitted a hundred and twenty-five grains of wa- 
ter: for the admitted water and glafs weigh’d a hundred ninety-three 
grains anda half. Then, filling it full of water, we found it to contain, 
in all, feven hundred and thirty-nine grains ; for it weigh’d eight hun- 
dred and feven grains and a half: whence, ‘tisevident, that the difference 
between the weight of water and air, was lefs than 1228 and 1. We, alfo, 
weigh’d, in the receiver, a bubble, the glafs of which amounted to. fixty 
grains; the air that fill'd it, weigh’d, iz vacuo, + of a grain ; the water 
that fill’d it, weigh’d feven hundred twenty grains and a quarter: fo that, 
by this experiment, the proportion of the weight of water to air,.is as 
$53 45 tol. : , : ‘ah 
“But it is fo defirable a thing, and may prove of fuch importance, to 
know the proportion in'weight betwixt air and water, that I fhall here 
mention an attempt tl made to difcover it by another way. | 
A fmall receiver, being exhaufted of air by, the engine, and -counter- 
pois’d ; whilft it continu’d fo, the ftop-cock was turn’d, and the air re- 
admitted; which made it weigh thirty-fix grains more than before: and 
this happen’d, alfo, upon repeating the experiment. _ | 
We, next, took a imall glafs-receiver, fitted with a ftop-cock 5 and, 
Hivine exh aufted it of the air, counterpoiz d: it, and let in the out- 
ward air; we found the weight of the vetlel to be increas’d, by that ad- 
miffion, thirty-fix grains. ‘This done, we took the receiver, after having 
well counterpoiz’d’ ity/out’ of “ {cale ; and: having apply’d it a fecond 
uu 2 time 
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Pszpxarics-rime to the engine, we once more withdrew the air ; and then turning the 
: flop-cock, to keep out the external air, we took care that none of the ce- 
ment employ’d to join it to the engine, fhould ftick to it: when, weighing it 
again, we found it thirty-five grains heavier, than when ’twas laft coun- 
terpoisd in the fame balance. Then we immers'd the ftop-cock into a 
bafon of fair water, and let in the liquor, that we might find how much 
of it would fucceed in the place of the air drawn out. When no more 
water was impell’d in, we turn‘d the ftop-cock once more, to keep it from 
falling out ; and, then, weighing it in the fame fcales, we found the wa- 
ter to be forty-feven ounces three drams, fix grains; which, divided by 
thirty-five grains, the weight of the air, equal in bulk to this water, the 
quotient, is, nearly, fix hundred and fifty grains, for the proportion of 
weight between air and water, of the fame bulk, at the time when the ex- 
“periment was made: the atmofphere then appearing, by the barometer, 
wherein the mercury ftood, at twenty-nine inches. three quarters, to be very 

heavy. | 
Twomarbles, 0. We took a pair of flat round marbles, each of them two inches, 
Lees fepara and about three quarters, in diameter; and, having put a little oil be- 
ted by withdra®-eween them, to keep out the air; we hung, at a hook faften’d to the 
a aan lowermoft, a pound weight, to furmount the cohefion which the tenacity 
of the oil, and the imperfeét exhauftion of the receiver might give them : 
then, having fufpended them in the cavity of a receiver, by a ftick that lay 
crofsit, andthe engine being made ready to work, we fhook it more. ftrong- 
ly than we concluded it would be by the operation ; and, beginning to 
pump out the air, we obferv’d the marbles to continue join’d, till it was. 
fofar drawn out, that we fufpecéted they would not feparate. But, at 
the fixteenth ftroke, upon turning the ftop-cock, which let the air pafs. 
out of the receiver into the pump, the fhaking of. the engine being over, 
the marbles, {pontaneoufly, fell afunder ; tho’ they hung parallel. to the ho- 
rizon, and adhered very firmly together, whenthey were put in: and. tho” 
a weight, of above eighty pounds, faften’d tothe lowermoft marble, might 
be drawn up, together with the uppermoft, by virtue of their firm co- 
hefion. : | 
But, faftening to the lowermoft of the two marbles, a weight of a very 
Fig. 67. few ounces, and having cemented. a capp d receiver, with. the marbles in: 
it, as before, to the pump ; we, by means of a ftring, (whereof one end. 
was tied to the bottom of the turn-key, and the other to the uppermoft 
marble, and paffing thro” the hook belonging to the brafs-cover). and: b 
turning round the key, drew: up the upper marble; and, by reafon o 
their coherence, the lowermoft, alfo, together withthe weight that hung: 
at it. Being thus fure that the two marbles ftuck clofe together, we began. 

to pump out the air ; and, after a while, the marbles. fell.afunder. ; 

But, having fo:order’d the matter, that the lower could. fall but a little: 
way from the other; we were: able, by melining; and.fhaking the engine,.. 
to place them together again :: and, then, Jetting inthe air haftily, that,, by 
its. fpring, it. might prefs. them hard: together ; we: could: not: only by: 
urn=- 
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turning the key, make the uppermoft marble take up the other, and the Ce 
annex'd weight ; but were oblig’d to make a much more laborious éx~ ii 
hauftion of the air, to procure the disjunction of the marbles, this fecond 
time, than was neceflary to do it at the firft. item 

And, when the marbles were thus aftinder, and the receiver exhaufted, 
we did not Jet in the air, till we made them fall upon one another, as be- 
fore ; but the little highly expanded air, that remain d in the receiver, ha-- 
ving not a fpring near ftrong enough to prefs them together, we very eafi- 
ly, by turning the key, rais’d the uppermoft marble alone, without find- 


ing it to ftick to the other. We, therefore, once more joind the marbles 
toeether, and, then letting in the external air, found them, afterwards, to 
flick fo clofe, that a very ftrong man could not feparate them. bid 

51. Intoa fmall earthen melting-pot of a cylindrical figuré,and well glaz’d, That 'eis igh. 
we convey’d a finall cylinder of iron, about an inch long, and an inch Paige er : 
and a half in diameter, made red hot in the fire; and having fuddenly ex- air, foews by » 
haufted the receiver, wherein we placd them, we let down a piece of pa- pean NRE 
per, containing’ a convenient quantity of flowers of fulphur, upon the in vacuo . 

_ heated metal; whereby, the paper being immediately deftroy'd, the included 
fulphur would lie upon the iron, whofe upper part was a little concave, to - 
contain the flowers, when melted. But all the heat of the iron, tho’ it» 
fade the paper and fulphur {moke, would not actually kindle either. 

Into a glafs-bubble of a convenient fize, furnifh’d with a neck fit for our 
purpofe, we put a little flower of brimftone, and having exhaufted the - 
glafs, and fecur’d it againft the return of the air; we laid it upon burning © 
coals, where the fulphur did not take fire, but rofé to the oppofite part of 
the glafs in the form of a fine powder ; and that part being turn'd down~ 
ward, atid laid on coals, the brimiftone without kindling rofe again in the 
form of an expanded fubftance, which, when remov’d from the fire, wass - 
for the moft part, tranfparent like a yellow varnith. 

52. To examine whether, when a heated iron would not keep the The efficacy of 
melted brimftone fo hot, as was requifite to make it burn, without air, or or tea gaa 
with very little, it would yet fuffice to kindle the fulphur, if the air had 
accef$ to it, we made two or three feveral trials; and found, that, if - 
foon after the flame was extinguifh’d the receiver were removd, thé ful- 
shur would prefently take fire again, and flatne as vigoroufly as before.” 

Bit, we fufpected, that the agency of the air, in the production of the 
fame, might be fomewhat lefs, than thefé trials would perfuade ; becaufe,. . 
by taking off the receiver, the fulphur wasnot only exposd to frefh air, but 
alfo'advaritaged, by a free liberty for the avolation of thofe fumes, which,. .. 
in a clofe vellél might be unfavourable to the flame. — Pay 2 

And, to try at how great a degree of rarifaétion of the air, it was pof- - 
fible to’ make fuiphur flamie,. by the affiftance of an adventitious hear, we 
repeated the fame experiment; thé pumping being continued for fomé time ~ 
after the flame of the melted brimftone feem’d quite extinguifl’d, tll 
the receiver was jude’d to be very well exhaufted: then, without ftirring ~ 
the glafs, we very warily let im a little air; upon which we could. per= - 

Be CEIVES. . 
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Pyrumattesceive, tho’ not a conitant flame, yet feveral little flathes, as it were, dif- 
~ clofe themfelves, by their blue colour, to be fulphureous : yet the air that | 
had fufficed to re-kindle the fulphur, was fo little, that two exfuétions 
drew it out again, and put an entire {top to the phenomenon. And, when — 
a little air was cautioutly let in again, the like flathes began again to ap- 
pear which, upon two exfuétions more, -quite vanifhed: tho’, upon letting 
in a little frefh air, the third time, they, once more, re-appeard. | 
As; attempt to 5 3. Having conveniently placed three or four grains of gun-powder in our 
ec " yeceiver, and carefully drawn out the air, we threw the fun-beams, 
whe fav's vey" ynited by a good burning-glafs, upon the powder, and kept them there, 
‘for a confiderable time, to little purpofe ; till,-at length, the powder, in- 
{tead of taking fire, only melted, like a metal. And this was not the only 
experiment we then made, which difcover’d.a great indifpofition, even in 
* .gun-powder, to be fir’d ii vacuo. re 
By means of a 54. We took a convenient weight of gun-powder, that was extraordinary 
ae gd ftrong, and well made ; and, having placed a red-hot iron in our receiver, 
that was capable of holding fixteen pounds of water ; when the air appear’d, 
by the mercurial gage, to have been well exhaufted, we let down a {mall 
piece of thin paper, wherein the powder had been put, till it reach’d the 
, plate ; by whofe heat, we hoped, the paper would be deftroy’d, and the 
powder made to go off. But, tho’ both of them had been previoufly well. 
_dry'd by the fire, no explofion of the powder enfued ; yet there appear’d, 
upon the iron-plate, a broad blue flame, furprizingly durable, and re- 
fembling that of brimftone. At length, taking off the receiver, we found, 
that the paper, contiguous to the iron, was, in part, deftroy’d by the heat; 
but moft of the grains of the powder feem’d unalter’d, and retain’d their 
_ difpofition to be fir’d, notwithftanding the confumption made of their brim- 
~ ftone. , 3 
‘Upon repeating this experiment, we found no explofion to be made for 
-folong a time, that, thinking it in vain to wait, we let in the air; and, 
after we-had, alfo, defpair’d of any effect from hence, the powder fud- 
“denly went off, with a great flath, anda confiderable thake no the receiver, 
that was yet ftanding on the engine: which fhews, that fuch experiments 
‘fhould be made with caution ; for tho’ this receiver would contain two gal- 
lons of liquor, the powder, here employ’d, weigh’d but one grain. 
Ateaied glafs, 552 Into a large flrong glafs-bubble, we put a few {mall corns of gun- 
samptied of air» powder; and, having carefully exhaufted the glafs, and fecured it againft 
the return of the air, we put it upon live-coals, fuperficially cover’d with 
afhes ; ‘by the heat whereof, the fulphureous ingredient of the powder was, 
in part, Kindled, and burn’d blue for a pretty while, and with a flame 
-confiderably great ; upon the ceafing whereof, the powder, which, after 
all, did not take fire, appear’d to have fent up, befides the flame, a large 
~quantity of fulphureous fublimate, that ftuck to the upper part of the 
glafs: and, being held againft a lighted candle, it exhibited feveral vivid 
«colours, like thofe of the.rain-bow. pet | 


\ 
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56. We took a fmall, and very fhort piftol, and having well faften’d it, P»zumaries 
with ftrings, to a great weight, that was placéd upon the iron-plate of (7 ,,” a7 
our engine, we drew up the cock, and primed the pan with dry powder ; of barks of fre 
then, over both’the weight and piftcl, we whelm’d a receiver, capable of” ‘*"* 
containing two gallons of liquor; and, having carefully cemented it on, 
we caufed the air to be diligently pump’d out; having, before, put in a 
mercurial gage, tohelp us to difcern when it was well exhaufted. Laftly, 
ordering the pump to be plied, in the mean time, for fear fome air fhould 
fteal in; we, by fhortning a ftring that was tied to the trigger of the 
piftol, did all we could towards firing of the powder in the pan: but tho’ — 
the pan were made to fly open, the powder did not go off; then, letting 
in the air, and cocking the piftol again, we drew out a little air, to be 
fure that the receiver was clofely ‘cemented on; when, letting in the 
air at the top of the receiver, and ftopping it in, we pull'd the trigger 
again: whereupon, tho’ there had been no new powder put into the pan, - 
nor any left in it, but the little that remain’d after the late trial; yet that 
little readily tcok fire, and flafh’d in ‘the pan: which made it the more 
probable, that, in the former trial, fparks of fire had been ftruck out, by 
the collifion of the flint and fteel. Befides, in another trial, made, the fame 
hour, in the fame exhaufted receiver, a fpark, or two, were feen to fly 
out, upon the falling of the cock. It appears, therefore, that, notwith- 
ftanding the great indifpofition of gun-powder to be reduced into flame, 
in vacuo, yet even folid matter is not incapable of being fird there, if put 
into a motion fufficiently vehement. » 

57. The rays of the fun, being thrown upon fome Aurum fulminans, pla- Tx ways of ~ 
ced in an exhaufted receiver, made it go off, and violently fcatter about mking Auum 5 
the cavity of the glafs a yellowifh duft, which other trials, in the free colina gs ee 
air, made us look upon as particles of the gold, that was the principal 
ingredient of this odd compofition. | 

This experiment we repeated, long after, in another place, with other 
veflels, and found the like fuccefs. And once, in the night-time, putting 
upon a heated iron, + of a grain of good: Aurum fulminans, of our own 
preparing, loofely tied up ina piece of thin paper, we found, that after the | 
powder had.lain long enough upon the iron, to be throughly heated; it 
went off all together, and with a confiderableflath. 3 | 

58. Upon a thick, metalline plate, we put a convenient quantity of flow= Flame difficulty 
ers of fulphur ; and, having kindled them in the air, fuddenly convey'd "ppb ig 
them into a receiver, and made hafte to pump out fome of the included pur. * ; 
air; as foon asthe pump began'to be ply’d, the flame appear’d to be fenfi- 
bly decay’d ; and continued iefs at every exfuction of the air ; and, in ef- 
fe&t, expired before the air waS quite drawn out. And, upon the fudden 
removal of the receiver, it only afforded, for a very little time, fomewhat . 
more fmoke in the open air, than it appear’d to do before. | 

59. Upon a larger cylinder of iron, than the former, made red-hot, 
we let down a moderate lump of brimftone, in a receiver moderately ex— 
haufted ; when, being kindled, it fent up a great flame, with largefumes. . 

klovw-- 
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Pyauaca tics: However, we full ply’d the pump, drawing out, together with the air, 

er’ much fulphureous, and oflenfive {moke ; whereby, though the flame feem’d 
fomewhat gradually impair’d, yet it manifeftly continued burning much 
longer than, by the fhort duration of other flames in our receivers, one 
could expect... Aud once, particularly, in making this experiment, the — 
flame lafted, till the receiver was judg’d to be throughly exhaufted ; and 
fome thought it fo furviv’d the exhauftion, that ic went not out for want 
of air-fewel ; the brimftone appearing, when we took off the receiver, ei- 
ther to have been confumed by the fire that fed on it, or to have cafually 
ran off from the iron, the heat .whereof had kept it conftantly melted. 

A durable fame 60, Having obtain’d a faline fpirit, which, by an uncommon way of — 

af 4 metals preparation, was made exceeding fharp, and piercing, we put into a vial, 


. fabftance in va- 


clio. _capable of containing three or four ounces of water, a convenient. quantity 
- of new filings of pure fteel ; which, being moiften’d-in the. vial, with a 
little of the faline menftruum, were, afterwards, drench’d with. more; 
whereupon the mixture grew very hot, and yielded large and fetid fumes. 
And fo inflammable was this {moke, that, upon the approach of a lighted 
candle, it would readily take fire, and burn with a bluifh, and fomewhat 
greenifh flame, at the mouth of the vial, for a confiderable time together ; 
and that, tho’ with little light, .yet with more ftrength than one would ea- 
fily fufpedt. i | 
This flaming vial, therefore, we convey’d into a receiver, which he who 
‘ufed to manage the pump affirm’d, would be exhaufted by about fix ex- 
fuétions ; and the receiver being well cemented on, upon the firft fuck, the 
flame fuddenly appear’d four or five times as great as before ; becaufe, as 
we fuppofed, upon. the withdrawing of the air, and, confequently, the weak- 
‘ning of its preflure, numerous bubbles were produced in the menftruum ; 
“which breaking, fupply’d the neck of the vial with inflammable fteams ; and 
thefe, we thought, took fire, with fome noife. Upon the fecond exfuction of 
the air, the flame blazed out, as before ; and fo it, likewife, did upon the’ 
sthird ; but, after that, it went out: nor could we re-kindle any fre, by 
- -fuddenly removing the receiver ; only we found, that there remain’d fuch a 
-difpofition in the {fmoke to infammability, that holding a lighted candle to 
. ‘it, a flame quickly enfued. | ue et 
lot igre $ 61. Having fo united highly reétified fpirit of wine with a prepared — 
“impregnated metal, that they would afford a vifibly, ting’d flame; we put this mix- 
Be.22"¢ ture into a fmall glafs lamp, furnifh’d with a very flender wieck, which 
the mixture would not burn, whilft there was liquor enough left to moiften it 
well; and putting this lighted lamp into a:convenient part of a receiver, 
able to hold two gallons of water, we made hafte to cement on the glafs 
to the engine; yet found not, in two or three feveral trials, that, after the 
pump began to, be work’d, fo little a quantity of ting’d flame lafted more 
.than half a minute. 
We alfo obferv’d, in repeating this experiment, that when the flame 
‘began to decay, the turn-key, being now and then drawn almoft out, the 
ting’ flame once lafted..a minute .and half, and another time longer ; 
| thay 
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longer ; that the turn-key being, from the firft; taken out, the flame lafted P*eumartes. 
two minutes ; that, in che fame cafe, a pipe being bedded in the cement, le id 
at the bottom of the glafs, and open at both ends, each almoft as big as 
the orifice fill’d by the turn-key, the ting’d {pirit feem’d to burn as if the 
flame would have lafted very long, had’ we permitted it 5 and laftly, that 
the-orifice; at the topj:being ftopp’d with the turn-key, tho’ the pipe were 
. Jeft open at»the bottom, it plainly, in a fhort time, flerhia greatly to de- 
cay; and: ready to expire ; but caufing one to blow in gently at the pipe, 
with a pair of bellows, tho’ this did not keep the flame vigorous, yet it 
continued alive for above four minutes ; and then obferving it to be mani- 

feftly ftronger than it was, when we’ began to refrefh it with the bellows, 
we ceas'd from *blowing, and found, that tho’ the glafs pipe was full left 
open, yet,'within about one minute, ‘the flame’ entirely vanifh'd. 

62. Eminent writers, both ancient and modern, tell us, without {cru- Flame piefero'd 
ple, that naptha and camphire will burn under water; but [had never Anat Fy 
the good fortune to fee them do fo ; and doubt, thefe writers deliver: not 
what they affirm from experience.' And .tho’, in celebrated authors, I have 
met with many ‘compofitions, that. will not only burn under water, but be 
kindled by it; yet I found thofe Ihave had’ occafion to confider, to be fo 
lamely, or fo darkly, and fome of them, I fear, fo falfely fet down, that by 
the following compofition, how flight foever it may feem, 1 have been able 
_ to do more than with things they {peak very promifingly of. 

We took of gun-powder, three ounces; of well burn’d charcoal, one : 
dram ; of good fulphur or flower of brimftone, half'a dram ; of choice falt- a 
peter, a dram and half: thefe ingredients being reduced to powder, and 
diligently mix'd without any liquor, we fill’d a large goofe-quill with it ; 
for the kindling whereof, the open orifice of the quill, or pipe, was care 
fully ftopp’d ‘with a convenient quantity of the fame, made up with as 
little chynsical oil, or water, as would bring it to a fit confiftence. This : 
wild-fire we kindled in the air; andthe quill, together with a weight . 
to which “twas tied,'to keep it fiom afcending, we flowly let down to a . 
convenient depth, under water ; where it would continue to burn, as ap- 
pear’d by the great fmcke it emitted, and other figns, as it did in the air 5 
becaufe the fhape ‘of the quill kept the dry mixture from being acceffible . 
to the water, at any other part than the orifice ; and there the ‘ftream ‘of 
fired matter iffued out with fuch violence, as inceflantly beat off the neigh- 
bouring water, and kept it from entering into the cavity ‘that contain’d : 
the mixture, which, therefore, would continue burning, till “twas confu- | 
med. : | it A the « LOS Oe : 

63. In trying to kindle a combuftible fubftance, in our exhaufted -recei- A, 022 phen 
ver, it’ happen’d ‘to fall befide the iron, whereby our intended expériment eget 
was defeated ; but whilftwewere confidering what was to be done on this ae 9 
 occafion, and had not yet Jet in the air, nor brought im the lights that 
were removed out of the room, we were furprized to fee fomething burn 
like a pale, -bluifh flame, almoft in the midft of the cavity of the receiver ; 
and, at firft, fufpected it tobe fome deception of the fight: but, all the by- 

V on. II. X x x ftanders =» 
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Laaaries: ftanders perceiving it alike, and obferving that it grew very broad, we 
look’d at it with great attention, and found it to laft much longer, than I 
remember to have feen any flame in an exhaufted receiver. I fhould. have 
expected that it proceeded from fome brimftone fticking, unobferv’d, to a 
part of the iron we had formerly employ’d to kindle fulphur, had we not, 

“juft before, kept it red-hot in the fire. But tho’? we much wonder’d whence 
this flame proceeded, we did not haften its extin€tion ; and at length, when 
it expired of itfelf, we let in. the air, and perceiv’d, upon the concave part 
of theiron, which we judg’d to be the place where the flame had appear’d, 
a piece of melted metal, fuppofed to have been faften’d to the ftring where- 
to the fewel we defign’d to kindle, had been tied, in order to let it 
down the more eafily ; and this made us conceive, that the ftring happen- 
ing to be burned, by the exceffive heat of the iron, the piece of metal fell 
into the cavity of it; and, that by the fame heat, the.more combuttible part, 
which the chymifts call the fulphur, was melted, and kept on fire, and 
continued burning, as we have related. he piece of metal was judg’d to 
be lead, but having not, formerly, obferv’d fuch a difpofition in lead, to 
be inflam’d, I confider’d it attentively, and perceiv’d, that ’twas fome | 
fragment of a mixture of lead and tin, that I caus’d to be melted ina cer- 
tain proportion. Upon this account, it feems, the mixture of the in- 
gredients had acquired fuch a new texture, as fitted the mafs to afford this 
odd phenomenon ; which argues, that there may be flames of metalline 
fulphurs produced as eafily, without the concurrence of the air, as that of 
common fulphur; and continue to burn longer than that in our va- 
cuum. 

AGual flame 64. Having placed our cylindrical plate of iron, firft brought to be red- 

Fificrlty im va-HOt, i a receiver, capable of containing two gallons of water ; and having, 
ai alfo, diligently pump’d out the air, we kindled a little fulphur, upon the 

heated plate; and then a piece of dry’d f{punck, tied to a ftring, was let 
down tothe flame. Whenthe experiment was finifh’d, and the {fpunck ta- 
ken out, we found it, in feveral places, not manifeftly alter’d fs much as 
in colour ; and, in thofe parts that had been moft expos’d to the flame, it 
was turn’d toa fubftance very different from afhes; being black, and brit- 
tle as tinder, and, like that, exceedingly difpofed to kindle, upon the 
touch of fire. ; i : 

An atiemptto 65+ Into the fame receiver, we convey’d the fame ‘cylindrical plate of 
make flame iron ; and, when the air had been thoroughly pump’d out, we let a piece 


inal bi : ’ : : 
fetes bei of fuch brimftone down upon the hot iron, as would there kindle with 
S air. the heat. A little above this fulphur, ‘we had tied to the fame ftring, a 


piece of camphire ; that being a body exceedingly apt to take fire, or, as it 
were, to draw it at the flame of lighted brimftone: but our fulphur, melting 
with the heat of the iron, dropp’d from the ftring twas faften’d to. As 
foon as it came to the bottom, where it was diftant from the vehement 
heat of the metal, the flame expired ; but a part of it, that happen’d to 
ftick to the fide of the iron, was inflamed by it, and the flame reach’d the 
camphire, without being able to make it blaze. a 

om Te, 
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We, alfo, attempted to kindle one piece of filphur 2 vacuo, by the flame Pxrevaariese 


of another, tied a little lower on the fame ftring, that it might firft touch 
the heated iron, and be thereby fet on fire ; but tho’ we could find no- 
thing amifs in the kind of fulphur, we then ufed, yet we were not able, 
even by a repeated trial, to make it take fire upon the iron ; where, ne- 
verthelefs, it melted, and feem’d, a little to boil. 

A third trial was not fo unfuccefsful ; for, having, in the receiver, well 
exhaufted, let down a card-match, upon a very hot iron, the lower ex~ 
treme of it was kindled thereby. But though the fulphurated part of the 
match thus flamed away, yet the remaining part, which was a mere piece 
of card, was not thereby turn’d into flame ; nor, in moft places, fo much 
as fenfibly fcorch’d, or black’d, though it had been purpofely dry’d be- 
fore-hand. Ea 

66. Upon a paper, laid on a convenient part of the plate of the engine, 
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Gun-pewder, tho" 


1 d itfel 
we made a train of dry powder, as long as the glafs would well cover ;*% Pipi As, 


then, carefully faftening on the receiver, we exactly pump’d out the air : grains in 


which done, we took a good burning-glafs, and, about noon, caft the fun- 
beams thro’ it, upon a part of the train ; but the indifpofition of the pow- 
der to fire was fo great, that it fmoked, and melted, without going off. 
_ We afterwards employ'd a thinner, and more tranfparent receiver, which 
fo little weaken’d the fun’s rays, that being kept obftinately upon the fame 
art of the train, they were able to fire feveral parts, one after another, 
tho’ they could not caufe the flame to propagate ; only thofe parts that were 
melted, did, at length, kindle, and fly away, leaving the reft unalter’d : fo 
that I found feveral little maffes of diffolved matter, in feveral parts of 
the train, with the powder unchang’d in all the others. And fome of thefe 
mafles were contiguous to grains of the powder, which both appear’d un- 
chang’d, and kindled readily, and flafh’d all away, as foon as I caus’d the 

burning-glafs to be appliedtothem in the open air. 
_ 67. For farther confirmation of fo odd an experiment, I fhall add, that to 
try whether by the help of one of thofe little inftruments, wherewith the 
ftrength of powder is commonly examin’d, we could find any difference 
made by the abfence and prefence of the air, in the refiftance cf 
the inftrument, or the effects of thd powder on it; we faften’d it 
to a competently heavy, and commodioufly fhaped weight of lead: -and 
when *twas carefully fill’d, and primed with powder, we placed it in a 
receiver of a convenient bignefs; whence we pump’d out the air after the 
ufual manner, tho’, perhaps, with more than ufual diligence. But tho’, 
at length, after the powder had long refifted the beams of the fun, thrown 
on it by a good double convex-glafs, it took fire at the touch-hole, and fill’d 
the receiver with {moke ; yet this kindled powder could not propagate the 
flame, to that which was in the box, how contiguous foever the parcels were 
_ to one another : though, when the inftrument was taken out into the air, 
where the touch-hole appear’d to be free ;as foon as ever new priming, 
with the fame fort of powder, was put in, the whole very readily went off. 
_ And when we cays’d the inftrument to be new charged ; and, upon its 
) xXx 2 firing 
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_ PseymArics. fring only at the touch-hole inthe exhaufted receiver, order’d new priming 
, to be added, without fo muchas taking the inftrument out of the glafs; 

_ tho’, afterwards, this was clos’d again, but, without being exhaufted, the 
powder, clofely fhut up inthe glafs, readily went off; as well that which 
was in the box, or cavity, of the powder-tryer, as that which lay on the 
outward part of it. And this experiment, was repeated, with the like 
fuccefs. ! Sse rei s 

‘two diferent 68. A few corns of gun-powder, being included in a very {mall bubble, 

: kee with aif freed from air, and fecured againft the return of it, and then apply’d 

kindle gun-pow- warily to coals cover'd with afhes, did neither go. off, nor burn; but af- 

_ der in vacvoe forded a little yellow powder, that feem’d to be fulphur, fublimed to the 
upper part of the glafs. But two larger bubbles, tho’ ftrong, whereof 
one had the air but in part, and the other totally evacuated, being provi- 

” ded, each of them, with a greater quantity of powder ; a while after they 
were put upon quick-coals, they were both blown to pieces, with a re- 
port almoft like that of a mufquet: but, tho’ this was done in a dark 
place, yet we did not perceive any real flame produced. | | 

Experiments, 69. We put a fpoontul of highly rectify’d f{pirit of wine, into a {mall 

| hig salle clafs-lamp, conveniently fhaped, and purpofely blown, witha very {mall 

gir, and the orifice, at which we thruft in a flender cotton-wieck ; we, alfo, provided 

b liso animals, 2 tall glafs-receiver, in length eighteen inches, that contain’d above twenty — 

ands fits an pints of water. ‘This receiver, which was open at both ends, had its up- 

p animal, wr” per orifice cover’d, with a brafs-plate, faften’d on very clofe with good 

flame oj fpirit of cernent; and, for the lower orifice, which was far the widef, we had 

—. _provided a brafs-plate, furnifh’d with ‘a competent quantity of the cement 

a we employ’d to keep the air out of the pneumatical engine ; by means 

whereof, we could fufficiently elofe the lower orifice of our receiver, and — 

| , hinder the air from getting in at it. | We, then, lighted up the fmall glafs- 

| ! lamp, and placed it, together,with a green-finch, upon the brafs-plate, 

r ‘and, ina trice, faften’d it to the lower orifice of the receiver, and then 

watch’d the event ; which was, that, within two minutes, the flame, af- 
| ter having, feveral times, almoft difappear’d, was utterly extinguifh’d: 

E but the bird, tho’, for a while; he feem’d to clofe his eyes, as tho’. he 

were fick, appear’d lively enough, at the end of the third minute, when ET _ 

caus’d him to be taken out. | 

After he had, by being kept in the free air, recover’d, and refrefl’d 
himfelf, the former trial was repeated; and, at the end of the fecond. 
minute, the flame of the lamp went out: but the bird feem’d not.to 
be endanger’d, by being detain’d a while longer. 3 

After this, we put in, with the fame bird, two lighted lamps at once, 
| whofe flames lafted not one whole minute, before they went out together ; 
ie | but the bird appear’d unhurt, after having been kept. five or fix times as 

long, before we took off the receiver. , 

In the tall receiver, above-mention’d, we included. a- moufe, with a 
lighted lamp, fill’d with the fpirit of wine; but, before the experiment was. 
near finifh’d, the moufe, being at liberty within the glafs, made fhift to 

ex=: 


é 


extinguifh the fame; which, being revived, without taking out either the PxevMarIc ss 
lamp, or the animal, the {pirit of wine burned about a minute longer ; SVN. 
during which time, the moufe appear’d not be grown fick, no more than 
when, for fome minutes after the extinction of the flame, he had been 
kept in the fame clofe and infected air. ss 
We, afterwards, placed the fame moufe in another receiver, which 
feem’d lefs, by a third, than the former; and in it we, alfo, fix’d a piece 
of {lender wax-candle, which continu’d burning, in this receiver, but for 
one minute; and, during that, it emitted much f{moke: the animal, ne= 
verthelefs, appear’d lively, even after we had kept him much longer in 
that infetted air. And the fame candle, without being taken out, was 
lighted again, but burned not fo long as before ; yet it fufficed to darken 
the receiver, and, therefore, probably, much clogg’d the included air: in 
which, neverthelefs, the moufe being kept for eight or ten minutes longer, 
he appear’d, neither when taken out, nor a while before, to have receiv'd 
any confiderable harm from his detention. 


70. We included a green-finch, and a piece of lighted candle, 1n a The duration of — : 


eveat capp’d receiver, capable of containing two gallons of water, and very ¢, ae 
carefully cemented on to the pump : in this glafs, we fuffer’d the candle to the duration of . 
burn, tillthe flame expired, which it did within lefs than two minutes ;  yrning coat 
whilit the bird feem’d to be in no danger of fudden death 5 and, tho’ kept vacuo, ; 
a while longer in that clogg’d and fmoaky air, he appear’d well, when the 
receiver was remov'd. We, afterwards, put the fame bird into the re-~ 
ceiver, with a piece of a {mall wax-taper ; whofe flame, tho’ it lafted. 
longer than the other, yet the bird out-liv’d it: and, twas judged, he~ 
would have done fo, tho’ the flame had been much more durable. After 
this, we included the fame bird, with the former candle, in the receiver, . 
which we had caus’d to be often blown into with a pair of bellows, to 
dyive out the fmoke, and infected air ; and, then, beginning to pump, 
we found, that the flame began to decay more fuddenly, and the bird to 
be much more difcompos’d, than in the former experiments: but fuill he: 
furviv’d the flame, tho’ not without convulfive motions. 
We repeated the experiment with a piece of wax-taper,, and the fame~ 
bird, which, tho” cait into dangerous fymptoms, upon the gradual evacu- 
ation of the air, out-liv’d, not only the Hame, but the fmoke too, that 
{fued from the kindled wieck ; a circumftance that was, alfo, obfervd in 
the preceding trial. Laftly, having freed the receiver from. fmoke,. and .. 
fupply’d it with frefh air ; we put in, with the fame bird, a piece of char- 
coal, of about two inches in length, and half an inch in breadth, which, 
jut before, had been well blown with a pair of bellows ; immediately. 
pumping out the air, till none of the fire could be difcern’d, and till. it 
feem’d irrecoverable, by the admiffion of the outward air ; which: being,.. 
afterwards, admitted, the bird was, indeed, very fick, yet capable: or a 
very quick recovery.. And this experiment we, with the fame.animal.,... 
and re-kindled coal, made over again, with the fame fuccefs, 
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Preuwaries, 77 We took two glow-worms, that fhone vividly, efpecially one of 
Glow-worms, them, whofe light appear’d ftrong, and ting’d, as ea had been tranf- 
and their Inmi- mitted thro a blue glafs; thefe we laid upon a little plate, which we in- 
vacuo, Cluded in a {mall receiver, of finer glafs than ordinary; and, having re- 

mov'd the candles, that no other light might obf{cure that of the infects,. 
we waited in the dark, till it was confpicuous, and then order’d the air 
tobe pump’d out; and, upon the very firft exfudtion, there began to be 
a diminution of the light, which grew gradually dimmer, as the air was 
more withdrawn ; till, at length, it quite difappear’d. This darknefs, 
having been fuffer’d to continue a long while in the receiver, we let in the 
air again, whofe prefence reftor’d, at leaft, as much light as its abfence 
had depriv'd us of. This experiment was repeated, with the addition of 
one more of thofe infeéts ; when they all three gradually loft their light, by 
- the exhauftion cf the receiver, and regain’d it, by the return of the air, 
And here we let in the air by degrees, and with an interval or two ; and 
obferv'd, that as the light was gradually diminifh’d, upon withdrawing 
the air ; fo the returning {plendor was gradually increas'd, as we let more 
in upon the worms. 
72. Tis known, that if glow-worms be kill’'d, whiltt they are fhining, 
| their luminous matter may continue to fhine long after *tis taken out of 
their bodies. And, having put fome of that, we took out of the fore- 
mention’d infeéts, upon a little paper, and included it in the receiver we 
employ’d ; the candles being remov’d ; we perceiv’d it to fhine vividly, be- 
fore the pump was fet on work; and, afterwards, to grow dimmer, by 
degrees, as the air was exhautfted, till, at length, it quite vanifh’d : but it 
re-appear'd immediately upon the air’s return. This experiment was re- 
peated twice more, with the fame fuccefs. But we took notice, that the 
luminous matter, after the air was let in, feem’d not only to have regain’d its 
former degree of light, but to have acquir’d a greater ; as it once happen’d, 
alfo, in the experiment made on the living worms. It was fomewhat ftrange, 
to obferve, that fo very fmalla quantity of air, as we at firft let in, before 
the light revived, was fufficient to make it become plainly vifible, tho’ dim: 
in which ftate it continu’d, till we thought fit to admit more air. 

73. Having, at another time, procured two more of thofe infetts, 
whereof one was judg’d to be as large as three ordinary ones; when we 
had brought them out of the country to Londou, the great Worm appeard to 

| be dead ; but, finding him to retain a confiderable degree of light, in the 

: under part of his tail, we put him into the {mall receiver, formerly men- 

: tion’d, to try whether, after the death cf the animal, the fhining matter 

would retain its former properties; and, at the firtt ftroke of the pump, 

the light was not abolith’d, but continu’d vivid: and fo it did, when the 
air being let in, and again withdrawn, the trial was made a fecond time. 

I, afterwards, caufed the receiver to be exhaufted, once or twice more; 

. and, at length, perceiv’d, that the light began to diminifh, as the air was 

| withdrawn ; and, at laft of all, it fo difappear’d, that we could not fee it : 
but, upon the re-admiffion of the air, the light fhone vividly, as before, if 
not more bright. | This 
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This experiment was repeated, with the fame fuccefs, and both times, Pezumarics, 
the like happen’d to the light of the dead one, and of the living one, that 
_ we included with ir; tho’ there was this difparity betwixt them, that the 
juminous part of the dead worm appear’d much larger than that of the 
_living one: and the light of the latter was of a very greenifh blue; but of 
the former, a white yellow. | 

74. A moufe, weighing about three drams and an half, being put in Avimalseigh's 
one {cale of a very nice balance, wascounterpois’d, together with a ftring, Per 
put about his neck in a noole; and foon after, by drawing the ends of 
that, we ftrangled him: when we judg’d him quite dead, we weigh’d him 
again; and, tho’ nothing was feen to fall from him ; yet, contrary to the 
receiv'd tradition, that bodies are much heavier dead than alive, we found 
his weight diminifh’d about +? of a grain; which, probably, proceeded 
from the avolation of feveral fubtile particles, upon his violent and convul- 
five ftrugglings in death. 

Afterwards, in a larger balance, made for nice experiments, we took a 
very young kitten, between tenand eleven ounces in weight, and caus’d him 
to be ftrangled on the fame fcale, wherein he had been put. But, being 
not immediately difpatch’d, as young animals of this kind are not eafily 
deftroy’d for want of refpiration; we found him, by that time he was 
quite dead, lighter, by four grains. 

45. Nature, having furnifh’d water-fowl with a peculiar ftru@ture of Experiments to 
fome veflels about the heart, to enable them, when they dive, toe ae 
fufpend, for a while, the act of refpiration under water, without preju- made upon 
dice; Ithought fittotry, whether fuch animals, would, much better than ““*” 
others, fuftain the want of the air in our exhaufted receiver. 

We put a full grown-duck into a receiver, whereof the fill’d, about 
a third part ; but was unable to ftand in any eafy pofture therein: then 
pumping out the air, tho’ fhe feem'd, at firft, to continue well, fomewhat 
longer than a hen in her condition would have done ; yet, within one mi- 
nute, fhe appear’d much difcompos’d, and, between that and the fecond mi- 
nute, her -convulfive motions encreafed fo much, that, her head, hang- 
ing carelefly down, fhe feemed to be juft at the point of death; from: 
which, we prefently refcued her, by letting in the air. And, to manifeft, 
that it was not the clofenefs and narrownefs of the veffel, that produced 
this great, and fudden change, we, foon after, included the fame bird in 
the fame receiver ; and, having cemented it on very clofe, we fuffer’d her 
to ftay, thus fhut up with the air, five times as long as before, without per- 
ceiving her to be difcompos’d 5 and, fhe might, probably, have continued 
longer in the fame condition. _ 

76. Having procured a duckling, that was yet callow, we convey'd her 
into the fame receiver, wherein the former had been included, and obfer- 
ved, that, tho’, for a while, fhe appear’d not much diforder’d, whilt 
the air was pumping out ; yet, before the firft minute was ended, the gave 
manifeit figns of being much difcompofed : and the operation being conti- 
nued a while longer, convulfive motions enfued fo fait, that, before the 
| fecond 
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Pynvacaries: fecond mitute was expired, we were obliged. to let in the air, whereby 


CJ 
Upon vipers. 


fhe quickly recover'd. - | 

- When the receiver was pretty well exhaufted, the included bird, ap- 
peard manifeftly bigger, than before the air was withdrawn, efpecially a- 
bout the crop; tho’ that was very turgid before. We, alfo, kept the 
fame duckling, in the fame receiver, very clofe, for above fix minutes,’ 
without perceiving her to grow fick upon her imprifonment ; which, yet 
Jafted above thrice the time, that before fufficed to reduce her to a gaip- 
ing condition. 

-Itnot being intended, that water-fowl, fhould, any more than other 
birds, live in an exceeding rarified air, but, only be able to continue, up- 
on occafion, under water, it may fuffice, that the contrivance of thefe 
parts relating to refpiration, be barely fitted for that purpole. 

Vipers being endowed with lungs, tho’ of a different firucture from 
thofe of other animals; and their blood being, as to fenfe, actually cold; 
I thought, it. might be worth trying, what effect the abfence of the air 
would have upon them. 

77. Fau.2. We included a viper ina {mall receiver, and as we drew 


-out the air, fhe began to {well, and afforded us thefe phenomena. 


1. It was a long while after we had left pumping, before fhe began to 


{well, fo muchas forced her to gape, which, afterwards, fhe did. - 


2. She continued, above two hours and a half, in the exhaufted receiver, 
without giving clear proof of her being killed. ; : 

3. After fhe was once fo {welled, as to be compell’d to open her jaws, 
fhe appear’d flender and lank again; and yet, very foon after, appear'd 
{well’d again, and had her jaws disjoin’d as before. 

_78. Including a viper ina {mall receiver, we emptied it very carefully ; 
when: the viper moved up and down within, as if it were to feek for air. ; 
and, after a while, foamed a little at the mouth, and left of the foam, 
fticking to the infide of the glafs: her body fwelled, not confiderably, and. 
her neck lefs, till a pretty while after we had left off pumping ; but af- 
terwards the body and neck grew prodigioufly tumid, anda blifter ap- 
pear’d upon her back: An hour and an half after the receiver was ex- 
haufted, the diftended viper, gave, by motion, manifeft figns of life; but, _ 
we obferved none afterwards. The tumor reach’d to the neck, but did 
not feem much to {well the under-jaw. Both the neck, and a great part of 
the throat, being held betwixt the eye and the candle, were tranfparent, 
where the feales did not darken them. The jaws remaind mightily 
open’d, and fomewhat diftorted ; the Epiglottis, with the Rimula Laryugis, 
(which remain’d gaping) was protruded almoft to the further end of the 
under-jaw. As it were, from beneath the Epiglortis, came the black 
tongue, and reached beyond it, but feemed, by its pofture, not to have a- 
ny life; and the mouth alfo was grown blackifh within: but, the air being 


-re-admitted, after twenty-three hours in all, the vipers mouth was pre- 


fently clofed, tho’, foon after, it was opened again, and continued long 
fo; whilft {corching or pinching the tail, made a motion in the whole body, 
that argued fome life. 79.April 


— 
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99. April 25. We included an ordinary, harmlefs fnake, together with Pszumarics. 
a gage, in a portable receiver, which, being exhaufted, and well fecured a- [4nake 
gainft the ingrefs of the air, was laid afide in a quiet place, where it con- 
tinued from about ten or eleven a-clock in the forenoon, till about nine the 
next morning: and then, looking upon the fnake, though he feemed to be 
dead, and gave no figns of life, upon the fhaking of the receiver, yet, upon 
holding the glafs, ata convenient diftance, from a moderate fire, he, in a fhort 
time, manifefted himfelf alive, by feveral tokens ; and even by putting out his 
forked tongue. In this condition I left him, and came not to look upon 
him again, till the next day, early in the afternoon; at which time, he was 
erown patt recovery, and his jaws, which were formerly fhut, gaped ex- 
ceeding wide, as if they had been ftretched open by fome external vio- 
lence. 5 . 

So. Sept.9.We included a large, lufty frog, in a {mall receiver, drew out the Frogs. 
air, and left her not very much {well’d, and able to move her throat; tho’ | 
not fo faft as when fhe breathed freely, before the exfuction of the air. 
She continued alive for about two hours, that we took notice of, fometimes 
removing from one fide of the receiver tothe other; fhe fwell’d more 
than before, and did not appear, by any motion of her throat, or thorax, 
to exercife refpiration ; but her head was not very much f{well’d, nor her 
- mouth forced open. After fhe had remained there above three hours, per- 
ceiving no fign of life in her, we let in the air, upon which the tumid bo- 
dy fhrunk very much, but feemed not to have any other change wrought 
in it; andtho we took her out of the receiver, yet, in the free air, fhe 
continued to appear ftark dead. But, having caufed her to be laid upon 
the grafs, in a garden, all night, we found her, the next morning, per- 
fedtly alive again. 

81. Sune 29. About eleven of the clock in the fore-noon, we put a frog 
into a imall receiver, containing about fifteen ounces, and one quarter, troy- 
weight, of water; out of which we had, tolerably well, drawn the air: 

(fo that when we turn’d the cock under water, it fuck’d in about thirteen 
ounces, and one quarter, of water,) the frog continued, the receiver being all 
the while under water, lively, till about five of the clock in the afternoon, 
when fhe expired. At the firft fhe feemed not to be much alter’d by the 
exfuction of the air, but continued breathing, both with her throat and 
lungs. 
$2, Sept. 6. We included into a pretty large receiver, two frogs newly 
taken ; the one not above an inch long, and proportionably flender ; the 
other, very large and lufty. Whilft the air was drawing out, the lefler frog 
skipp’d up and down very lively, and, feveral times, clamber’d up the fides of 

the receiver, fo that he fometimes wrefted himfelf againft the fides of the 

glafs. When his body feemed to be perpendicular to the horizon, if not in 
_ a reclining pofture, he continued to skip up and down a while, after the: 

exfudction Ai the air ; but, within a quarter of an hour,we perceived him to lie 
ftark dead, with his belly upwards. ‘The other frog, that was very large 


and ftrong, tho’ he began to fwell much upon withdrawing the air, and 
Vo. II. Yyy feemed, 
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Pyeumarics.feemed to be diftrefs’d, yet he held out half an hour ; when it was remark- 


Kitlings. 


able, that the receiver, though it had withftood the preffure of the out- 
ward air, during that fpace, notwithftanding a piece of it had been crack’d 
out, but cemented in again, yet at the end of the half hour, the weight of 
the outward air fuddenly beat it in, and thereby gave the imprifon’d frog 
relief. , 
$3. Sept.11. Weconvey'd a fall frog into a very {mall portable receiver, and 
began to pump out the air. At firft fhe was lively, but when the air was: 
confiderably-withdrawn, fhe appear’d to be very much difquieted ; yet not 
fo, but that, after the operation was ended, and the receiver taken off, the 
‘was perfectly alive,and continued to appear fo, for near an hour, tho’ the 
abdomen was very much, and the throat fomewhat extended ; the latter ha- 
ving, alfo, left off the ufual panting motion, which is fuppofed to argue 
and accompany the refpiration of frogs. At the end of about three hours and 
a quarter, after the removal of the receiver from the pump, the air was 
Jet in; whereupon the abdomen, which, by that: time, was ftrangely 
fwell’d, not only fubfided, but feemed to have a great cavity in it, asthe 
throat, alfo, proportionably had ; which cavities continued: after the frog 
was gone paft all recovery. | 

84. April 14. A large frog was convey’d into a plated receiver, and the 
air being withdrawn, her body, by degrees, diftended. ‘The receiver, with 
the gage, was kept under water near feven hours ; at the end of which, 3 
found it tight, but the frog dead, and exceedingly {well’d : upon letting in 
the air, fhe became more hollow and lank than ever. 

85. We took a kitling one day old, and put him into a very fmall recei+ 
ver, that it might be the fooner exhaufted ; and within about one minute 
after the air firft began tobe withdrawn, the little animal, which, in the 
mean time, gafped for life, and had fome violent convulfions, lay as dead, 
with his head downwards, and his tongue out; but, upon letting in the airy 
he, in atrice, fhew‘d figns of life ; and, being taken out of the receiver, 


-quickly recover’d. We then fent for a kithing of the fame litter, which be+ 


ing put into the fame receiver, quickly began, likethe other, to have convul= 
fions, and after to lie as dead ; but, obferving very narrowly, I perceived 
fome little motions, which made me conclude him alive. And accordingly, 
tho’ we continued pumping, and could not perceive that the engine leaked, 
the kitling began to flir again, and, after a while, had ftronger and more 
general convulfions than before ; till at the end of full fix minutes after the 
exfuction of the air was begun, the animal feeming quite dead, the outward 
air was re-admitted into the receiver ; which not reviving him, as it had 
done the other, he was taken out ofthe veffel, and Jay with his mouth open, 
and his tongue lolling out, without any fenfible refpiration and pulfation ; 
till having order’d him to be pinched, the pain, or fome internal motion, 
produced by the external violence, madé him, immediately, give manifeft 
figns of life; tho’ there was yet no fenfible motion of the heart, or lungs: 
but afterwards gaping, and fetching his breath in an odd manner, and with ~ 
much ftraining, as have feen fome-foetus’s do, when cut out of the womb, 


he, 
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fe, by degrees, within about a quarter of an hour, recover’d. We, after~Pszuxs-rrce. 
wards, fent for another, kitten’d at the fame time ; and inclofing that, SYN 
alfo, in the receiver, obferv’d the violent convulfions, and, as it were, 
gaping for breath, into which he began to fall, at the fecond or third 

uck, ended in a feeming death, within about a minute and a half. But, 
caufing the pump to be ply’d, the kitling gave manifeft figns of life, after 
he had endured feveral convulfions, as great as thofe of the firft fit, if not - 
greater. When feven minutes, from the beginning of the exhauftion, 
were compleated, we let in the air ; upon which, the little creature, that 
feem’d ftark dead before, made us fufpeét he might recover : but, tho’ we 
took him out of the receiver, and put 4qua Vite into his mouth, yet he, 
irrecoverably, died in our hands. - 

86. ‘To determine the quantity of air harbour’d in the pores of “fluids, Exber'ments up- 
{eems as difficult as it would be ufeful. To thew how little the air, con- pethaiet ide ec 
taind in water, would appear to leffen the bulk of the water, if it were! pores of wa- 
fuffer'd to fly away in an open tube; we let it efcape, in an exhaufted re-’ ii 
ceiver, Without any artifice to catch it: in which trial, the water did not 
part with any thing of its bulk, that made a diminution fenfible to the 
eye. We, therefore, endeavour'd to make this lofs vifible, by fome other 
experiments. 

A glafs-tube, feal’d at one end, and about thirty-fix inches in leneth, 
being fill’d with water, and inverted into a glafs-veflel, not two inches in 
diameter, and but a quarter of an inch, or little more, in depth; the 
glafles were convey d into a fit receiver, and the air leifurely pump’d out, 
and fomewhat flowly re-admitted ; when, the numerous bubbles, that had 
afcended, during the operation, conftituted, at the top, an aerial agere~ 
gate, amounting to ++, wanting about an hundredth part of an inch. 

87. Prefently after, another tube was fill’d with the fame water, and 
inverted ; when, the water, being drawn down to the furface of that 
in the veflel, and the air let in again, the water was impell’d up to the 
very top, within a tenth, and half a tenth of an inch. — | 

The latter tube was forty-three inches and a half above the furface of 
the ftagnant water ; the air, colleéted out of the bubbles, at the top of 
the water, was, the firft time, above three quarters of an inch ; and the fe- 
cond time we eftimated it, at one half, and one fixteenth. ‘The firft time, 
the water, in the pipe, was made to fubfide full as low as the furface of 
the ftagnant water ; the fecond time, the loweft that we made it fubfide, 
feem’d to be four or five inches above the furface of the water in the open 
veflel. 

But the air, at the top of the tube, poffefs’d more room than its bulk ab- 
folucély required ; becaufe it was fomewhat defended from the preflure of 
the atmofphere, by the weight of the fubjacent cylinder of water, which, 
perhaps, was about three or four feet long. int 

88. We provided a clear round glafs, furnifh’d with a pipe, or ftem, 
about nine inches in length; the globular part of the glafs being, on the 
outfide, about three inches anda half in diameter: the pipe of this glafs 

Yyy 2 Was, 


ed 
R 
7 


532 Phyfico-mechanical Experiments. 
Pyevmatics. was, within an inch of the top, melted at the flame of a lamp, and drawn 
out, for two or three inches, as flender as a crow’s quill, that the de- 
creafe of the water, upon the recefs of the air, harbour’d in its pores, 
might be the more eafily obferv’d, and eftimated. Above this flender part 
of the pipe, the glafs was, nearly, of the fame fize with the reft of the 
pipe; that the aerial bubbles, afcending thro’ the flender part, might there 
find room to break, and fo prevent the lofs of any part of the water. . 
This veffel being filled, till the liquor reach’d to the top of the flender 
art; where, not being uniformly enough drawn out, it was fomewhat 
broader than elfewhere ; we convey’d the glafs, together with a pedeftal 
for it to reft upon, into a tall receiver; and, pumping out the air, there 
difclofed themfelves numerous bubbles, afcending nimbly to the upper part 
ef the glafs, where they made a kind of froth: but, by reafon of the 
* figure of the veflel, they broke at the top of the flender part, and fo never 
came to overflow. 

_ This done, the pump was fuffer’d to reft a while, to give the aerial 
particles, lodg’d in the water, time to feparate themfelves, and emerge 3 
when, the pump was ply’d again. Thefe vicifficutes of pumping, and reft- 
ing, lafted for a confiderable time ; till, at length, the bubbles began to 
be very rare: foon after which, the external air was let into the receiver ; 
when, it appeard fomewhat ftrange, that, notwithftanding fo great a mul- 
titude of bubbles as had efcaped out of the water, I could not, by atten- 
tively comparing the place where the furface of the water refted at firft, 
(to which a mark had been affix’d) with that where it now ftood, difcern 
the difference to amount to above an hair’s breadth: and the chief opera- 

tor in the experiment profefs’d he could perceive no difference at all. 

89. Filling a glafs of the fame fhape, and much of the fame bignefs as. 
the former, with claret-wine, and, placing it upon a convenient pedeftal, 
in a tall receiver, we caus’d fome of the air to be pump’d out; where- 
upon there emerged, thro’ the flender pipe, fo very great a multitude of 
bubbles darted, as it were, upwards, as both pleas’d and furpriz’d 
us ; but forc’d us to go warily to work, for fear the glafs fhould break, 
or the wine overflow: wherefore, we, feafonably, left off pumping, be- 
fore the receiver was near exhaufted, and fufter’d the bubbles to get — 
away as they could, till the danger was paft: then, from time to time, — 
we pump’d a little more air out of the receiver; the withdrawing a 
moderate quantity of air at a time fufficing, even at the latter end, to 
make the bubbles copioufly and {wiftly afcend, for above a quarter of an 
hour together. | 

The little inftrument made ufe of in thefe experiments, being defign’d 
to examine, among other things, the quantity of bubbles lurking in feve- 
ral liquors, may be apply’d to fpirit of wine, and chymical oils. And 
fome circumftances of our trials made us think, that {it might be worth 
examining, what kind of fubftance may be obtain’d by this way of treat- 
ing aerial and f{pirituous corpufcles. 


An 
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90. An oyfter, being put into a very {mall receiver, and kept there long? 
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enough to have, fucceffively, kill’d three or four birds, or beafts, Oc. was oi cn, in oo 
not thereby kill’d, nor, for ought we could perceive, confiderably di-exbaujted re- 
fturb’d ; only at each fuck we perceiv’d, that the air, contain’d between” 


the two fhells, broke out at their commiflure ; as we concluded from the 
foam which, at thofe times, came out all around that commiffure. About 
twenty-four hours after, I found, that both this oyfter, and another, that 
had been put, at the fame time, into the receiver, were alive. 

On the fame day we put a pretty large craw-fifh into a large re- 
ceiver, and found, that tho’ he had been before injur’d by a fall, yet he 
feem’d not to be much incommoded, by being included, till the air was, 
in great meafure, pumpd out; and then his former motion prefently ceas’d, 
and he lay as dead, till, upon letting in a little air, he foon began to 
move afrefh ; and, upon withdrawing the air again, he prefently, as be- 


fore, became movelefs. Having repeated the experiment two or three 


times, we took him out of the receiver, when he appear’d not to have fuf-. 
fer’d any harm. 
91. Having put an oyfter into a vial, full of water, before we included. 


it in the receiver, that thro’ the liquor the motion of the bubbles, ex-. 


pected from the fifth, might be the better feen, and confider’d; this oyfter 

rov'd fo ftrong, as to keep itfelf clofe fhut, and reprefs’d the eruption 
of the bubbles, that, in the other, forc’d open the fhells, from time to 
time ; and kept in its own air, as long as we had occafion to continue the 
trial. 


92. A craw-fifh, that was thought more vigorous, being fubftituted in. 


the place of the former craw-fifh, tho’ once he feem’d to lofe his motion 


together with the air; yet, afterwards, he continu’d moving in the re- 


ceiver, in fpight of our pumping. 


93. We tooka receiver, fhaped almoft like a bolt-head, containing near 4 (alefifpim: 
i? an exhaufted. 


a pint; and the globular part of it, being almoft half full of water, we jeccive. 


put into it, at the orifice, a fmall gudgeon, about three inches. long ; 


which, when it was in the water, fwam nimbly up and down therein = 


then, having drawn out the air, fo that about nineteen parts of twenty, 


or more, were exhaufted; we fecur'd the return of the air from injuring 


our experiment. 


Now the neck of the glafs, being very long, tho’ there appear’d. nu-- 


merous bubbles all about the fifh ; yet the reft of the water, notwith- 


ftanding the withdrawing of fo much air, emitted no froth, and but few: 


bubbles. 


The fifh, both at his mouth and gills, for a long time, difchare’d fuch a: 
quantity of bubbles, as appear’d ftrange; and for about half an hour,, 


when ever he refted a while, new bubbles would adhere to many parts: of 
his body, (as if they were generated there) efpecially about the fins and 


tail; fo that he would appear almoft befet with bubbles: and if, being: 


excited to {wim, he was made to fhake them off, he would quickly, upon a 
little reft, be befet with new ones, as before. 
Almof: 


534. 


Phyfico-mechanical Experiments. 


‘Prevmaries. Almoft all the while, he would gape, and move. his gills, as before he - 


= 


was included; tho’, towards the end of the time, I watch’d him, he often 


neither took in, nor emitted any aerial particles that I could perceive. 


After a while, he lay almoft conftantly with his belly upwards ; and, 


-yet, would, in that pofture, {wim briskly, as before. Nay, foon after, 


he feem’d to be more lively than at firft putting in. 

. In about an hour and a half after he had been feal’d up, I found 
him almoft free from bubbles, with his belly‘ upwards, and feeming 
fomewhat tumid, yet lively as before. But, an hour and a quarter after 
that, he feem’d to be movelefs, and fomewhat ftiff; yet, upon fhaking the 
glafs, obferving faint figns of life in him, by fome languid motions he 
attempted to make, when excited: -I open’d the receiever, under water, 
to try if that liquor, and air, would recover‘him ; when, the external wa- 
ter rufhing in, till it had fill'd the vacant part-of the ball, and the greateft 


" part of the ftem, the‘fifh funk to the bottom of it, with a greater appear= 


ance than ever of.being alive: in which fate, after he had continu’d a 
pretty while, I, by the help of the water he fwam in, got him thro’ the 
pipe, into_abafor-of water, where he gave more manifeft figns of life. 
But, yet, for fome hours, he lay ‘on one fide or other, without being 


able to fwim,-orreft on his belly, which appear’d very much fhrunk in. 


-All the while he continu'd in the bafon of water, tho’ he moy’d his gills, 


‘as before he had been feal’d up; yet I could not perceive, that he did, 


even in his new water, emit, as formerly, any bubbles; tho’, two or 
three times, I held him by the tail in the air, and put him into the water 


again; where, at length, he grew able to lie conftantly.upon his belly ; 


“Two antimals; - 
ewith large 
wounds in their 
abdomen, in- 
.tludedin the 
_pneumatical 
owECeizer. 


tho’ that retain’d much of its former lanknefs. And he lived, in the bafon, 


‘eight or ten days longer; tho’ feveral gudgeons, fince taken, died there, 
ina much lefs time. — on 


94. Sept. 12. A {mall bird,-having the abdomen open’d almoft from 
flank to flank, without injuring the guts,’ was‘put into a little receiver, 
and the pump being fet a-work, continued, for fome little time, without 

iving any figns of diftrefs ; but atthe end of about a minute and an half 
rom the beginning, fhe began to’ have convulfive motions in the 
wings ;. and, tho’ the convulfions were not univerfal, or appeared violent, 
as is ufual in other birds when the air is withdrawn, yet, at thé end of 
two full minutes, letting in the air, and then taking off the receiver, we 
found the bird irrecoverable, tho’ there appear’d no notable alteration » 
in the lungs; and theheart, or, at leaft, the auricles of it, continued 
beating for a while after, | | 

. 95. We took, alfo, on the fame day,. a pretty large frog, and having, 
without violating the lungs, or the guts, made two fuch incifions in the 
abdomen, that the two curl’d bladders, or lobes of the lungs, came out, 
almoft totally, at them ; we fufpended the frog, by the legs, in a fmall re- 
ceiver, and, after we had pump’d out a large part of the air, the animal 
ftruggled very much, and feem’d to be much diforder’d ; and, when the 


‘Yeeeiver was well exhaufted, fhe lay ftill, for a while, as if fhe had been 


dead ; 
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dead ; the abdomen and thigh being very much fwell’d, as if fomerarify’d Preumarics, | 
air, or vapour, forcibly diftended them. But as, when the frog was put in, “ V™=4 
one of the lobes was almoft full, and the other almoft fhrunk up ; {o.they 
continu’d to appear, after the receiver had been exhaufted: but, upon- 
letting in the air, not only the body ceas'd to be tumid, but the plump» 
bladder appear’d, for a while, fhrunk up as the other; and the receiver 
being remov'd, the frog prefently revived, and quickly began to fill the- 
lobe again with air. 

96. ‘Vhe heart of an eel being taken out, and laid upon a plate of tin, rb motion of 
in a {malt receiver ; when we perceiv’dit to beat’there, as it had done ge baba 3 
in the open air, we exhaufted the veflel, and faw, that tho’ the heart azimal in the 
grew very tumid, and, here and there, fent out little bubbles, yet ie iented 
continued to beat as manifeftly as before, and feemed to do fo more fwift- 
ly ; as we tried by counting the pulfations it made in a minute, whilft it: 
was in the exhaufted receiver, and when we had re-admitted the air, and 
alfo, when we took it out of the glafs, and fuffer’d it to: continue its mo-- 
tion in the open air. ‘The heart of another eel, being, likewife, taken out, . 
continued to beat in the empty’d receiver, as the other had done: 

97. The heart of another eel, after having been included in an exhaufted_ 
receiver, and then accurately fecured from leaking, tho’ it appear’d very: 
tumid, continu’d to beat there an hour; after which, finding its motion 
-wery languid, and almoft ceas’d; by breathing a little upon that part of” 
the glafs where the heart was, it quickly regain’d motion, which I obferv’d.. 

a while; and; an hour after, finding it almoft quite:gone, I was able to 

renew it, by the application ofa little more warmth. At the end of the- 

third hour, a bubble, that appear’d to be placed between the auricle and.. 

the heart, feem’d to have, now and then, a little trembling. motion ; but: 

it was fo faint, that I-could no.more, by warmth, excite it, fo as, plainly. 

to perceive the heart to move: wherefore, I. fuffer’d the outward air to. 

rufh in, but could not difcern, that,: thereby, the heart regain’d: any fen-.- 

fible motion, tho’ affiited with the warmth of my breath and hands. 

98. Sept. 10. A green-finch, having his legs and wings tied to a weight, Tretimes where - 
was gently let down into a glafs body fill’d with water ; the time-of hisi# avimals may: 
total immerfion being mark’d. At the end of half a minute after that timeyarowning, on - 
the ftrugglings ofthe bird feeming finifh’d, when being fuddenly drawn upZeaving of» 
again, he- was found quite dead. Y eo Sr aa 

A fparrow, very lufty and quarrelfome,; was tied to: the fame: 
weight, and let down after the fame manner; but tho’ he feem’d to be- 
more vigorous. under water than the other bird, and continued ftrugeling 
almoft to the end, of half a minute, from the time of. his.total immerfion ; . 
(during which, there afcended, from time to time, large bubbles from his, . 
mouth) yet, being drawn upasfoon as sever the half minute» was com- 
pleated; we found him, to our wonder, irrecoverably gone. . 

99. A {mall moufe, being held under water by the tail, emitted, from time - 
to time, feveral aerial bubbles out of hismouth ; and, ac laft, as a fpeta- - 
tor affirm’d, at one-of his eyes; being taken out, at the end of half a mi-;- 
on nute, , 
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hute, anda few feconds, he yet retain’d fome motions: but they prov'd. 


only convulfive ones, which, at laft, ended in death. 

100. We fo tied a confiderable weight of lead to the body of a duck, as 
not to hinder her refpiration, yet keep her under water; which we had 
found a fimall weight unable to do, by reafon of her ftrength; and even 
a great one, if ty’d only to her feet, in fuch a middle-fized veflel as ours 
was; becaufe of the height ef her neck and beak. With this clog, the 
duck was put intoa tub full of clear water, under the furface whereof, fhe 
continued quietly for about a minute ; but afterwards began to be much 
difturb’d : the fit being over, and perceiving no motion inher, at the end 


of the fecond minute, we took her out of the water;and, finding her ina _ 


good condition, after we had allow’d her fome breathing-time, to recruit 
herfelf with frefh air, we let her down again into the tub, which, in the 
mean time, had been fill’d with frefh-water ; left the other, which had been 
troubled with the fteams and foulnefs of the body of the animal, might 
either haften her death, or hinder our perceiving what fhould happen. 
[he bird being thus under water, after a while, began, and, trem time 
to time, continued to emit bubbles at her beak. ‘There, alfo, came out at 
her noftrils feveral real bubbles, from time to time ; and when the ani- 
mal had continued about two minutes under water,. fhe began to ftruggle 


very much, and to endeavour either to emerge, or change pane the - 
t 


latter of which, fhe had libetty to do, but not the former. After four mi- 
nutes, the bubbles came much more fparingly from her: then, alfo, fhe be- 
ve to gape, from time to time; which we had not obferv'd her to do be- 
fore, but without emitting bubbles ; and fo fhe continued gaping till near 
the end of the fixth minute; at which time all her motions, fome whereof 
were judg’d convulfive, and others that had been excited by rouzing her, 
appear'd to ceafe, and her head to hang carelefly down, as if fhe were 
quite dead. Notwithftanding which, we, for greater fecurity, continued 
her under water a full minute longer ; and then, finding no figns of life, 


i 


we took her out ; when, being hung by the heels, and gently prefs’d in — 


convenient places, fhe was made to void aconfiderable quantity of water : 
but whether any of it had been received into the lungs themfelves, we 
wanted time and opportunity to examine. All the means we ufed to re- 
cover the bird, proving ineffectual, we concluded, fhe had been dead a full 
minute before we removed her out of the water: fo that, even this water- 
fowl, was not able to live in cold water, without taking in freh air, above 
fix minutes. | 
101. A duckling, having a competent weight ty’d toher legs, was let down 
into atub of water; which reached not above an inch or two above her beak : 
during the moft part of her continuance wherein, there came out nume- 
rous bubbles at her noftrils; but there feem’d to proceed more and great~ 
er, from a certain place in her head, almoft equi-diftant from her eyes, 
tho’ fomewhat lefs remote from her neck than they. Whilft fhe was kept 
in this condition, fhe feem’d, frequently, to endeavour at diving lower 
ander water ; and, after much ftruggling, and frequent gaping, fhe i 
aE vera 
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veral convulfive motions, and then let her head fall down backward, with Pssymaries. 
herthroat upwards. ‘To this movelefs pofture fhe was reduced at the end ~ ro 
of the third minute, if not fooner ; but, a while after, there appear’d a ma- 
nifeft tremulous motion in the two parts of her bill ; which continued for 
-fome time, and was, perhaps, convulfive: but this alfo, ceafing, at the 
end of the fourth minute, the bird was taken out, and found irrecove- 
yable. 

102. A viper, that we kept in an exhaufted receiver, till concluded 
to have been quite dead, was, neverthelefs, not thrown away, till I had 
try’d what could be done, by keeping her all night in a glafs-body, and 
a warm digeftive furnace: upon which, this viper was found, the next 
morning, not only reviv'd, but very lively. 

We, therefore, put her into a tall glafs-body of water, fitted with a cork to 
its orifice, and deprefs’d it with a weight, fothat fhe could have noair. In 
this cafe,we obferv’d her, from time to time ; and, after fhe had been duck’d 
‘awhile, fhe lay, withvery little motion, for a confiderable time. After 
an hour anda quarter, fhe often put out her black tongue: at the end of 
near four hours, fhe appear’d lively ; and,asI remember, about that time, 
alfo, put out her tongue ; {wimming, all this while, as far as we obferv’d, 
above the bottom ofthe water. At the end of aboutfeven hours, or more, 
fhe feem’d to have fome life; her pofture being manifeftly chang’d in the 
elafs, from what it was a while before. Not long after, fhe appear’d 
quite dead; her head and tail hanging down movelefs, and directed to- 
wards the bottom of the veflel ; whilft the middle of her body floated as 
much as the cork would permitit. | | 

103. In the generality of our pneumatical experiments upon animals, it Animals in air 
fuited with our purpofe, to rarify the air as much, and as fuddenly as we nef erdle te 
could ; but I had other trials in view, wherein an extraordinary degree of gree of vatifa- 
rarifaétion, yet not near the higheft to which the air might be brought by “" 
our engine, feem’d likelieft to conduce ; as particularly to afford fome 
light in the nature of thofe difeafes, that are thought, primarily, to affect 
re{piration, or its organs. : 

Wherefore, having gages, by help of which fuch experiments might be 
much the better perform’d, I attempted feveral of them in the following 

manner. , 
- Aug. 16. A linet being put into a receiver, able to hold about 4 pints and 
a half of water, the glafs was well clos’d with cement and a cover ; but 
none of the air drawn out with the engine, or otherwife. And tho’ no 
new air was let in, nor any change made in the imprifond air, yet the 
bird continued there three hours, without any apparent approach to 
death: and tho’ fhe feem’d fomewhat fick, yet being afterwards taken out, 
fhe recover’d, and liv’d feveral hours. od 
104. 4ug. 18. From the receiver above-mention’d,we drew about half the air, 


___ whilfta linet wasin the glafs; andin that rarified air (which appear'dby agage 


to continue in the fame ftate) the bird liv’d an hourand near a quarter be~ 
fore fhe feem’d in danger of death : after which, the air being let in, with- 
Vor. IL Liz | out. 
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Pueowaries. out taking ‘off the receiver, ‘fhe manifeftly recover’d, and leap'd‘acainftthe 
MN MS fide of the glafs ; aind'being ‘taken ont ‘iftto the open air, fhe‘flew out‘of my — 
hand to a ‘confiderable diftance. 
ros. Sept..9. Into‘a receiver, abvle'to hold about 4 pints and a‘half of water, — 
‘we convey'd a lark, together with a gage, by the help whereof we drew 
“out 4/of ‘the air’; then obferving the bird, we perceiv’d ‘it to ‘pant very 
much. Having continued thus for alittle above a minute and a half, the — 
bird ‘fell into a ‘eohivulfive motion, that caft it upon ‘the back. Aindaltho’ 
we made great hafte'to let'in'theair; ‘yet, ‘béfore the expiration of the fe- 
cond minute, ‘preceding the convulfion, the lark was ‘gone paftall reco- 
very, tho’ various means were ufed’to effect it. 
106. Sept. 9. Prefently after, we put into the fame receiver, ‘a'preen- 
finch ; and having withdrawn’half ‘the air, we foon began'to dobferve 
- ‘the bird, and'took ‘notice, that, within a minute after, ‘fhe appear’d ‘to be 
very fick ; and, fhaking her‘head, vomited a certain fibftance againft ‘the 
infide of the glafs. ‘Upon this evacuation, the bird feem?d to recover, and 
‘continue pretty well, but not without panting, till about ‘the end of the 
fourth minute ; when, growing very fick, fhe vomited ‘again, but'much more 
unqueftionably than before; ‘and, ‘foon after, eat up again a ‘little of her 
vomit ; upon which, fhe very'much 'recover’d. - And though “the Had, ‘in-dll, 
three fits of vomiting; ‘yet, fe the laft'feven or eight minutes, ‘that we kept 
‘ther in the réceiver, fhe feem’d to'be much more lively than ‘was‘expected : 
‘which may, in part, be attributed to a little air’ that, by an ‘accidenit, got in, 
‘tho’ it ‘were immediately’ pump’d out again. ‘At the end ofa full quarter 
of an hour, from the firft exhauftion, the'bird ‘appearing not likely ‘to ‘die 
‘in a great while, we'took’her out. 
107. April 12. A new~caught vipér'was included, ‘together with a‘page, 
ina portable receiver, able'to hold about three pints’and ‘an ‘half ‘of water. 
This veffel being exhaufted, and fecured againft the return 6f the air, the 
‘animal'was obferv'd, from time‘to’time, not only to be alive, but nimbly 
‘to put out, and to draw back her tongue, for about thirty-fix hours, after 
fhe was fhut up: we, therefore, continued the veflel longer, in the fame 
‘fhady place ; where, over-night, atthe end of fixty hours. fhe appear'd ve- 
ry dull and faint, and not likely to live much longer. And, the next, by 
the afternoon, I found her ftark dead, with her mouth open’d to a ftrange 
‘widenefs ; wherefore, fuffering water to be impell’d, by the outward air, 
into the cavity of the receiver, we found, by the water that was driven 
in, and afterwards pour’d out again, and meafur’d, that five parts in ‘fix of 
the ‘air in the veflel, had been pump’d out: {o' that in an air rarify’d, till it 
expanded itfelf to five or fix times its ufual dimenfions, our viper was ‘able 
to live fixty hours, and, perhaps, might have done fo longer. 
Animals is a 108. In the preceding experiments, the animals were recover’d from ‘a 
owes as gafping condition, by letting in frefh air, and not the fame that had been 
ee rariy aud withdrawn from them : wherefore, I thought proper, to try, whether the 
ere fame portion of air, without being renew’d, would, by being expanded 
much: Beyond its ufual degree, and reduced to it again, ferve to bring me 
| ahima 
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animal to. near the point of expiring, and revive him again ; -fince, by the Pxsumazits 
fucce{s of fuch a tryal, it would notably appear, that the bare change of ““ Yo \~., 
the confiftence of the air, as to rarity and: denfity, may, fuflice to produce 
the above-mention’d effeds. | 
We included a moufe in a fine, limber, clear bladder, made more 
tranfparent by oil, rubb’d on the outfide, that the fmell of it might 
lefs offend the animal, to be included ; clipping off as much of the 
bladder, at the neck, as we judg’d abfolutely neceflary for letting in a 
moufe: we, alfo, provided a round ftick, fomewhat lefs than the ori- 
fice ; that, the wood being laid over, with a clofe and yielding cement, we 
might tye the bladder faft, and clofe enough, upon the ftopple thus fitted, 
In the bladder was left as much air, as we thought might fuffice him, 
for the time the experiment was to laft. ‘Then, putting this limber, or di- 
latable receiver into an ordinary one of glafs, and, placing this engine near 
a window, that we might fee through both of them; the air, was, by de- 
grees, pumped out of the external receiver, and, thereupon, the air 
included in the bladder proportionably expanded itfelf, and fo diftended the 
internal receiver, till, being arrivd at a degree of rarifaction, which 
rendred it unfit for refpiration, I perceiv’d figns, in this animal, of his 
being in great danger of fudden death. Whereupon, the outward air be- 
ing haftily let into the external receiver, comprefs’d the fwell’d bladder to 
its former dimenfions, and thereby, the included air to its former denfity ; 
by which means, the moufe was quickly revived. Having given him fome | 
convenient refpite, the experiment was repeated with the like fuccefs. | 
109. We put a large parcel of tadpoles, with a convenient quantity of aawipee A 
water, into a portable receiver, of a round figure, and obferv’d, that, at the ‘egity of refpira: 
firft exfudtion of the air, they rofe to the top of the water ; tho’, moft of ti, fe 
them fubfided again, till the next exfuétion raifed them. They feem’d, by growth of ani- 
their active and wrigling motion, to be very much difcompos’d. The re- 4! in vacum 
ceiver being exhaufted, they, all of them, continued moving, at the top 
of the water; and, tho’ fome of them feem’d to endeavour to go. tothe 
bottom, and dived part of the way, efpecially with their heads, yet, 
they were immediately buoy'd up again. Within an hour, ora little more, 
they were all movelefs, and lay floating on the water ; wherefore, I open’d 
the receiver ; upon which, the air rufhing in, almoft all of them prefently 
funk to the bottom, but none of them recover’d life. 
110. We, afterwards, included a lefs number of tadpoles in a fmaller 
glafs, which was alfo exhaufted, with the like circumftances, as the former. 
And, when I found the other tadpoles to be dead, I hafted to thefe, which 
did not, except, perhaps, one, give any figns of life; but, upon letting in 
the air, thefe having not been long kept from it, fome few of them reco~ 
vate and {wam up and down lively enough; tho’, after a while, thefe al- 
fo died. 
111. 1 repeated the fame experiment in a portable receiver, of a 
convenient kind; and, tho’, after the exhauftion was perfected, the tadpoles, 
fora while, moved briskly ees on the top of the water, only ; yet, 
LZLZ 2 - at 
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Preoxaries.a~ the end of an hour, they feem’d to be, all of them, quite dead, bu’ 
continu’d floating. And, though, within half an hour after that, Ilet in 
the air; yet allthe effect of it was, that the moft of them, immediate- _ 
ly funk to the bottom, as the reft, foon after, did ; none of them, that I 
could obferve, recovering vital mo tion. 

112. We procur’d, by preferving fome rain-water, four or five of thofe 
odd infeéts, whereof gnats have, by fome, been obferved to be genera-. 
ted about the end of Augu/t, or beginning of September. Thefe, for fome 
weeks, live all together in the water, as tadpoles do; {wimming up and 
down therein, till they are ripe fora tranfmigration into flies: but including 
them, with fome of their water, in a fmall glafs-receiver, which being 
exhaufted, and very exaétly clofed, we kept, in a fouth-window ; thefe 
little creatures continued to {wim up and down therein, for fome few days, 
without feeming to be much incommoded ; but at length, and all much about 
the fame day, they put offthe habit they had, whilft they livedas fifhes, and. 
appeared with their Exuvia, or caft-coats under their feet ; fhewing them- 
felves to be perfe&t gnats, that ftood, without finking, upon the furface of 
the water, and difcovering themfelves to be alive, by their motion, when 
they were excited to it; but I could not perceive them to fly in that thin 
medium: to which inability, whether the vifcofity of the water might 
contribute, I know not ; tho’ they lived a pretty while, till hunger, or cold 
deftroyed them. | 
The expanfion of 413. ‘The warm blood"of a lamb or a fheep, being taken as it was, im- 
the blood and o mediately, brought from the butcher’s, where the fibres had been broken, 
ther enimal flu- , : . Z 8 ; : 

i to hinder the coagulation, was, ina wide-mouth’d glafs, put into a re- 
ceiver, made ready for it; and the pump being fet on work, the air was 
diligently drawn out: but the operation was not always, efpecially at firft, 
fo early manifeft, as the {pirituoufnefs of the liquor would make one ex- 
pect; yet, after a long expectation, the more fubtile parts of the blood 
would begin to force their way thro’ the more clammy, and feem to boil 
in large clufters, fome as big as great beans or nutmegs; and, fome- 
times, theblood was fo volatile, and the expanfion fo vehement, that it boiled 
over the containing glafs ; of which, when it was put in, it did not fill a- 
bove a quarter. hei | 

414. Having, alfo, included fome milk, warm from the cow, in a cylindri- - 
cal veflel, about four or five inches high, tho’ the pump was long ply‘, be- 
fore any intumefcence appear’d, yet, afterwards, when the external air was 
fully withdrawn, the milk began to boil, ina way, that was not fo ealy 
to defcribe, as pleafant to behold: and this it did for a pretty while, with 
fo much impetuofity, that it threw feveral of its parts out of the wide- 
mouth’d glafs that contain’d it; tho’ there were not above two or three 
ounces of theliquor, whichonly half fill’d the glafs. : 

A yet greater difpofition to intumefcence, we thought, we obferv’d in 
the gall; which was but fuitable to the vifcolity of its texture.  / 

The two laft experiments were made with a defign to fhew, how far 
the deftructive operation of our engine, tipon the included animals, might | 

, | be. 
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be imputed the withdrawing of the air, whereby, the little bubbles gene- Pxrvacarres. _ 
rated in the blood, juices, and foft parts of the body, may, by their vaft i 
number, and confpiring diftenfion, varioufly contract the veflels in fome 
places, and ftretch them in others; efpecially the {maller, that convey 
the blood and nourifhment ; and fo, by choaking up fome paflages, and vitia- 
ting the figure of others, difturb, or hinder the due circulation of the 
blood : for, fuch diftenfions may caufe pains in fome nerves, and membra- 
nous parts, which, by irritating them into convulfions, may haften the 
death of animals, and deftroy them fooner by that irritation, than they 
would be deftroy’d by the bare abfence or lofs of what the air is neceflary 
to fupply them with. And, to fhew, that this produétion of bubbles 
yeaches, even to very minute parts of the body, I fhall add, that, I once 
obferved in a viper, furioufly tortured in our exhaufted receiver, the crea- 
ture had a con{picuous bubble moving to and fro, in the aqueous humour 
of one of its eyes.» 

115. To fhew, that not only the blood and liquors, but alfo the other foft 
parts, even in cold animals, have aerial particles latent in them ;_we took 
the liver and heart of an eel, as, alfo, the head and body of another 
fith of the fame kind, cut afunder, crofs ways, beneath the heart; and 
putting them into a receiver, upon withdrawing of the air, we per- 
ceiv'd, that the liver manifeftly fwell’d every way; and, that both the upper 
part and lower of the fifh, did fo, likewife. At the place, where the divifion 
had been made, there came out, in each portion of the fifh, various bubbles; 
- feveral of which feem’d to rife from the Medulla Spinalis, the cavity of the 
back-bone, or the adjoining parts : and the external air being let in, both 
the portions of the eel prefently funk; fome of the skin feeming to be 
grown flaccidin each. | bah 
116. We included, in a vial with a wide neck, (the whole glafs being able Tie power of 
to contain about eight ounces of water,) a {mall young moufe ; then.” f Hi) 
; ? ~ . animals to fup~ 
tyed ftrongly upon the upper part of the glafs’s neck a fine thin bladder, port “themfeloes 
out of which the air had been carefully exprefs’d; and convey'd this i» air ly rar 
veflel into a middle-fiz’d receiver, in which, we alfo plac’d a mercurial Bae ec 
gage. ‘This done, the air was, by degrees, pump’d out, till it appear’d tm 
by the gage, that there remain’d but a fourth part in the external receiver ; 
whereupon, the air in the internal receiver, expanding itfelf, appear’d to 
have blown the bladder almoft half full; and the moufe feeming very illat 
eafe, by leaping, and otherwife endeavouring to pafs out at the neck of 
his prifon; we, for fear the over-thin air would difpatch him, let the air 
flow into the external receiver ; whereby the bladder being comprefs’d, 
and the air in the vial reduced to its former denfity, the little animal quick- — 
ly recover'd. 
117. A while after, without removing the bladder, the experiment was 
repeated, and the air, by help of the gage, reduced to its former degree 
of rarifaétion ; when, the moufe, after fomefruitlefs endeavours to get out 
of the glafs, was kept in that thin air for full four minutes; at the end of 
which, he appear’d fo fick, that, to prevent his dying immediately, - 
; TENLOV & 
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Prrumaric&remov'd. the external, and took out the internal, receiver 3; whereupon, tho” 
' “ he recover'd;, yet “twas not without. much difficulty; being unable to ftand. 
_ any longer upon his feet; and, for a great while after, he continu’d,. ma- 
nifeflly trembling. _ : 

118. But, having fuffer'd him to reft for a reafonable time, prefuming 
that ufe had inured him-to greater hardfhips, we convey'd him, again, into 
the external receiver; and, having brought the air to the. former degree. 
of rarifaétion, we were able to keep him there for a full quarter of an. 
hour ; tho’ the external receiver did: not, at all confiderably leak; as. ap- 
pear d.both by the mercurial gage, and. by the remaining diftenfion of the 

bladder. And, “tis worth: noting,, that, till near the latter end: of the 
quarter of an hour, theanimal fcarce at all appear’d diftrefs’d ; remaining. 
ftillvery quiet. And tho’, when ke was. put in, his tremblings were yet 

, upon him, and. continu’d fo for fome time; yet, afterwards, in fpight of 
the expanfion of the air he was then in, they foon left him. And, when 
the internal receiver was. taken out, he not only recover’d from his fainting 
fooner than before, but efcaped thofe fubfequent tremblings. 

119. Encouraged by this fuccefs, after we allowed him. fome time to re- 
cover his ftrength, we re-convey’d him, and the veffel wherein he was in- 
cluded, into the former receiver, and pumpd out the air, till the. mer- 
ceury, in the gage, was drawn down near half an inch lower than before, 
that the air might be yet farther expanded. And, tho’ this, at firft, 
{eem’d to difcompofe the little creature 5 yet, after a while, he grew very 
quiet, and continu’d fo fora full quarter of an hour ; when, we caus’d 
three exfuCtions more to be made, before we difcover’d him to be in 
manifeft danger, (at which time, the bladder appear'd much fuller than 

- before:) but, then, we were obliged to let the air into. the outward re- 
ceiver ; whereupon, the moufe was more fpeedily revived, than one would 
have fufpected. 

Now the air, in which the moufe liv’d all this while, had been cloge’d, 
and infected, with the excrementious effluyia of his body ; for “twas the 
fame all along; we having, purpofely, forborn to take off the bladder, 
whofe regular diftenfions, and fhrinkings, fufficiently manifefted, that the 
veflel, whereof ’twas a part, did not leak. ete 

Air, become ww 120. We took a moufe, of an ordinary fize, and, having conveyd him 
Fat reine. into an oval glafs, fitted with a fomewhat long, and confiderably broad 
its nfual pref neck, that it might be wide enough to admit a moufe, in fpight of 
leh his ftruggling; we conveydin, after him, a mercurial gage, in which we 
had carefully obferv'd, and mark’d the ftation of the mercury; and which 

was fo faften’d to a wire, reaching to the bottom of the oval glafs, that 

the gage, remaining in the neck, was not in danger of being broken by 

the motions of the moufe in the oval part. ‘The upper part of the long neck 

of the glafs was, notwithftanding the widenefs of it, hermetically feal'd, 

by means of a lamp, and a pair of bellows, that we might be fure the 
imprifon’d animal fhould breathe no other air, than what fill’d the re- 

ceiver, at the time when it was feal’d. This done, the moufe was 

: watched, 
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watched, from time to time: and:tho’, by reafon of tthe largenefs of the Pxnuxamive, 
_veliel, he feem:d ‘rather ‘drooping, thanvepy near death, at theend of the 7 Vm! 

fecond hour ; ‘yet, in about half an hour face hewas judg‘d to be quite : 

dead, tho’ we ‘hook the veffel, ‘to rouze-him. "The gage manifefted no 
fenfible change in the ftation’of ithe mercut¥y.; ‘but, «caufing the feal’d part 
of theglafs to'be broken off, I obtain’d,-after awhile, fome faint tokens 
of life: tho’, I am notfure, ‘that'they would \have icontinu’d in a veffel, 
where the air was ‘{fo-cloge’d and infedted, if frefhair'had not beenfye~ 
quently blown ‘in ‘by a'pair of beHows, whofe nofe was inferted into -the. 
neck of ‘the glafs. “This frefh air feem’d evidently, tho’ :but flowly, :to-re- 
vive the gafping animal, which I could not, conveniently, take out -of -the 
giafs, till he had ‘gain’d ‘ftrength enough to make ufe -of his legs; but, af- 
ter that, without breaking the -glafs, we took him out, and :foon found 
him-able:to walk up and down. i 

121. A ‘like ‘experiment we, -alfo, made with like Luccefs, upon:a {mall 
‘bird, included, witha gage, ina receiver:that would hold about a. quart. 
of water. The bird, in about ‘half an -hour, appear’d:to be ifick, and 
drooping 3 the faintnefs, and difficulty of breathing, increafing for about 
‘two hours anda half after ; at which time, the-animal died ; the gage be-. 
ing not fenfibly-alrer“d, ‘unlefs, perhaps, the mercury appear'dto be im- 
*pell'd ‘up a ‘little ‘higher ‘than-when ‘put in; which, yet, might ‘proceed. 
‘from fome accidental caufe. 

‘122. To thew, that it is not want of coldnefs, but fomething: elfe.in:the 
included ‘air, ‘that makes it deftroy ‘birds:pent up therein, which, :by :the 
hot exhalations of their bodies, ‘may be'fuppofed to over-warmit ;;wemade 
‘the following experiment. | 

In a glais-vial, able to’hold about ‘three quarts of «water, we, :her-. 
‘metically feal'd up a {mall bird; and found, that, in a few minutes, “fhe: 
‘began to be fick, and pant. Thefe fymptoms (I 'fuffer’d to continue, -and. 
increafe, till they had lafted juft half an hour; atiwhichtime, having pro- 
vided a velel of water, with fal-armoniac, newly put. therein, to refrigerate. 
it; and the liquor being thus made-exceeding cold, the vial, with:the fick. 
bird, was immerfed in it, and fo kept there for fix minutes : yet it-did-not 
appear, that the great coldnefS which muft be thus-procured’to-the im= 
prifoned air, fenfibly revived or refreth’d the drooping. animal, who-mani- 
. feftly continued to pant exceedingly. So. that» this remedy, -proving inef-- 
fetual, the vial was remov’d out of the water ; andthe bird, sfomestime: 
after, ‘many times ‘ftrain’d to vomit: and, afterwards, had evacuations. 
downward, ‘before the quite expired ; which the did, in.almoft -anhour, 
“from the beginning of her imprifonment. | 

123. We made, by diftillation,a blood-red liquor, chiefly confifting of fuch The ufeof the 
- “faline, «and fpirituous particles, as may be obtained from human blood ; ri to raife andr 
which is of fucha nature, thatif a glafs-vial, about half filled with it, be kept oP hodite ee | 
‘well ftopp’d, it will reft as quietly as.an ordinary liquor, without fend- adit, 
_ ing up any {moke, or vifible exhalation ; but, ifthe vial be. open’d fo, that fen w velba 
‘the external-air is permitted to come in, and: touch:the furface of the liquor, 

Withs 
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-. Panoxcartes: within a quatter of a minute, or lefs, there will be elevated a copioys — 
: \/ white fmoke, which not only fills the upper-part of the glafs, but plenti- 
fully paffes out into the open air, till the vial be again ftopp'd. ‘ 
When this vial has lain ftopp’d and quiet for a competent time, the 4 
upper half of it appears deftitute of fumes, whereof the air, it feems, will ; 
imbibe, and conftantly retain but a certain moderate quantity; which may 
give fome light towards the reafon, why the fame air, quite cloggd with 
_fteams, will not. long ferve for refpiration. Andif the unftopp d vial were 
‘placed in our vacuum, it would emit no vifible fteams at all, not fo 
much as to appear in the upper part of the glafs itfelf that held the liquor ; 
-but when the air was, by degrees, reftored at the ftop-cock, without 
moving the: receiver, to avoid injuring its clofenefs, the returning air would 
-prefently raife the fumes, firft into the vacant part of the vial, whence they - 
would afcend into the capacity of the receiver: and likewife, when the 
air, requifite to fupport them, was pumped out, they alfo accompanied it, 
as their -unpleafant {mell made manifeft; whilft this red fpirit, though 
it remain’d unftopp’d, emitted no more fumes, till new air was let 
in. | 
Snails, a flows’. L2H. [wo ordinary white {nails, without fhells, differing in fize, (the 
ace apd that - biggeft being about an inch and a half, and the other about .an inch in 
“apvacs Jenoth) were included in a fmall portable receiver, which was carefully ex- 
haufted, and fecured againft the return of the air ; and prefently after,being 
-yemoved: from the engine, it was eafy to difcern, that both the fnails thruft 
out, and drew.in their horns, at pleaifure ; though their bodies had, in the 
fofcer places, numerous newly generated bubbles fticking to them: and 
tho’ they did not lofe their motion near fo foon, as other animals, in our 
vacuum ; yet, after fome hours, they appear'd movelefs, and very tumid ; 
-and, at the end of twelve hours, the inward parts of their bodies feemed to 
be almoft vanith’d, whilft they appear’d to betwo-fmall full-blown bladders : 
-and, on letting in the air, they immediately fo fhrunk, as if the bladders 
having been prick’d, the receding air had left behind it nothing but skins : 
nor did-either-of the fhails, afterwards, tho’ kept for many hours, give any 
Migns of life. | | 
125. We included ina receiver, whofe globular part was about the 
bignefs of a large orange, one-of that fort of animals, vulgarly call’d, efts, — 
-or, flow-worms: having withdrawn -the air, and fecur’d.the veffel againft — 
‘the-veturn of it, we kept him there about forty-eight hours ; during which, 
he continued alive, but appeared fomewhat {well’d in his belly ; his under- 
-chap amoving on the very firft night, but not the day and night following. 
At length, by opening the receiver, under water, we perceiv'd, that about 
half the air had been drawn out. As foon as the water was impell’d into 
the glafs, the animal, which was before dull and torpid, feem’d, by very 
‘nimble and extravagant motions, to be ftrangely revived. i — 
396. We took a'leech, of a moderate bignefs, and having included .it,. 
together with fome_ water, in a portable receiver, able to hold about ten 
wor twelve ounces of that liquor; the air was pump‘ out, after the ufual 
manner 3 
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fnannet, and the receiver: being remov'd to a light place, we obfery’d,? gale. 

that, the leech keeping herfelf under water; there emerg’d. from feveral * 
arts of her body, numerous bubbles, fome of them in a difperfed manner, 
ut others, in rows, or files, that feem’d to come from determinate points. 

Tho’ this produétion of bubbles lafted a pretty while, yet the leech did 

not feem to be very much difcompofed.. This done, we fet the receiver, 

which was well fecur’d from the outward air, in a quiet place, where we 

vifited it, at leaft, oncea-day ; and found the leech fomewhat faftned by her 

tail, tothat part of the glafs which was under water, and fometimes wan- 

dring about that which was quite above water ; and always, when we en- 

deavour’d to excite her, fhe quickly manifefted herfelf to be alive ; and, 

indeed, appear’d fo lively, after the full expiration of five’ natural days, 

that expecting fomething might have happen’d to the receiver, I open’d it 

under water ; when the outward air, impell’d in fo much of that liquor, 

as fatisfy’d me the receiver was well exhaufted. — 

127. Five or fix caterpillars, all of the fame fort, being put into a fepara- “bing in/ette 
ble receiver of a moderate fize, had the air drawn away from them, and” 
carefully kept from returning. But, notwithftanding this, I found them, a- 
bout an hour after, moving to and fro in the receiver ; and even above two 
hours after that, I could, by fhaking the veflel, excite fome motions in 
them, that I did not fufpeét to be convulfive. But Icoking upon them again, 
about ten hours after they were firft included, they feemed to be quite 
dead ; and,» tho’ the air were forthwith reftored to them, they continued 
toappear fo: yet, leaving them al! night in the receiver, I found, the next 
day, that three, ifnot four of them, were perfectly alive. 

128. We took from an hedge a branch, that had a large cob-web of ca~ 
terpillars in it, and dividing it into two parts, we put them into like re- 
ceivers ; and in one’ of them fhut up the caterpillars, together with the air, 
but from ‘the other it: was exhaufted. Now, in that which had the air, : 
the: little infects, after a {mall time, appeared to move up and down as 
‘before, ‘and fo continued to do fora day or two: but in that slats, whence 
the air-had been extracted, and continued kept out, they fhewed, after a 
wery little while, no motion that we could perceive. ; ee 

4129. Nov. 12. About 8 a-clock' at night, there were taken four middle- Tire ae 
fized flefh-flies, which, having their heads cut off, were inclofed in a por- 
table receiver, furnifh’'d with a large pipe, and a bubble at the end. As 
foon as the receiver was exhaufted, the flies loft their motion; an hour or 
two after, I approached them to the fire, which reitored not their motion: 
wherefore I let in the air upon them; after which, in a very fhort time, 
they began, one after another, to move their legs, and one or two of them 
to walk. “And having kept them all night, in a warm place, they mani-~ 
fefted, for a while, fome {mall motion. ; 

130. Sept. 11. About noon we clofed up feveral ordinary flies, and a 
bee, or wafp ; all which, when the air was fully withdrawn, lay as dead ; 
only, for a very few minutes, fome of them had convulfive motions in their 
legs. ‘hey continued in this ftate forty-eight hours ; after which, the 
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Pyeumarics.air was let inuponthem; and that not producing any figns of life, they were’ B 
Jaid in the noon-day fun: but none of them feem’d, in-any degree; to recover. 
131. Dec. 11, We put a great flefh-fly into a very {mall portable recei=: 
ver, where, at firft, he appear’d to be very brisk and lively ; but, as foon — 
as the air was drawn out, he fell on his back, and feemed to have convulfive 
motions in. his feet, and. Proboftis ; from whence he prefently recover d, : 
upon letting in the air; which being drawn out again, he lay as dead): ‘but,’ 
within a quarter, or half an hour after, I perceiv’d, upon fhaking the re-- 
ceiver, that he ftirr’d faintly up and down. This was done pretty late’ | 
over night, and next nightI found the fly not to be foon revived, either by 
warmth, or letting in the air. However, in a while after, he recover d; and 
being, next morning, fealed up again in that glafs, andkept forty-eight 
hours, tho’ over the chimney, he died beyond recovery. 

d 132. We took a large grafs-hopper, whofe body, befides the horns and 
limbs, was about an inch in length, and of great thicknefs, in ie Sani to 
that length; and convey’d him into a portable receiver of an oval form, and 
able to hold about a pint of water: andhaving, afterwards, pumped out 
the air, till, by the gage, it appear’d to have been pretty well drawn out, 
we took care that no air fhould re-enter. he fuccefs was this. Firft, 
tho’ before the exhaustion of the air begun, the grafs-hopper appear’d 
lively, and continued fo for a while: yet, when the air began to be confi- 
derably rarified, he feem’d to be very ill at eafe, and to fweat out of the: 
abdomen, many little drops of liquor, which being united, trickled down, 
the gla{s like a little ftream, that made, at the bottom, a {mall. pool of clear 
liquor, amounting to near a quarter of a {poonful ; and by that time the 
receiver was ready to be taken off, the grafs-hopper was fallen upon his 
back, and lay as dead. Secondly, tho’ having, a little after, laid the glafs 
in a fouth-window, on which the fun then fhone, I perceived fome flow mo-: 
tions in the thorax, as if he ftrained to fetch breath 3. yet, I was not fure,| 
but they were convulfive motions ; however, they lafted but a while, and 
then the animal appeared to be quite dead, and to continue fo for. three: $ 
hours, from the removal of the receiver. ‘Thirdly, that time being expi= 
red, the glafs was open’d, and the air let in; notwithftanding which; 
there appeard no fign at all of life = but.letting the glafs reft in a 
convenient pofture, that the water which came from him, might not endan= - 
ger him, pao quarter, or half an hour; tho’ I then perceived no figns of 
life, yet I_caufed him to be carried into a fun-fhiny place, where the beams 
ofa declining fun prefently began to make him ftir his limbs, and, in a fhort 
time, brought him perfeétly to lifeagain. jad: etekos sew 

133. April 15. We took one of thofe fhining beetles called rofe-flies, and: 
having included it in a very {mall round receiver, which-we exhautfted,: ir; 
ftruggled much whilft theair was withdrawing; yet prefently after, I could: 
perceive but little motion : about fix hours after, the fly feemed quite 
dead, and difcover’d no motion upon that of the glafs, And. within about 
an hour more, tho’ I let the air ruth in, yet no fign of life enfued, neither. 
immediately, nor for a pretty while after. So that fufpeéting the beetle ae 
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‘Whereupon, I caus’d the glaf$ to. be again exhaufted, and fecur’d from 


the air; during which time, the animal feem’d to be much difquieted, but 


did not lofe his motion, foon after. | 


_ 134. With butter-flies I made feveral tryals, and, having obferv'd them, 


fot onlytolive, but to move, longer than was expected ; I chofe to include 


At ad rite Gadi woh ee Se OS me See is |. ae ent aL & ; be i 
feveral of them in receivers, fomewhat. large, that I might fee, whether, 
in fo thin a medium, fome or other of them, by help of their large wings, 


would be.able to fly. But, tho’, whilft the air continu’d in the glaffes, they 


flew actively, and freely up and down; and, tho’, afcer the exhauftion of 
the air, they continu’d to live, and. were not movelefs ; nay, tho’, at the 
bottom of the receiver, they. would even move their wings and flutter a 
little ; yet, I could not perceive any of them to fly, or have a progreffive 
motion, fupported by the medium, only. And, by. frequently inverting 
the receiver, which was long, they would fall, like dead animals, without 
difplaying their wings, tho’, juft as they came totouch the bottom, fome 
of them, would, fometimes, feemto make ufe thereof, but not enough to 
fuftain themfelves, orto break their falls. 


‘be really dead, I yet, three, or° four hours after, found him lively, Pxz 
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135. A number of ants being included in a {mall portable receiver, ex-Tie necefiry of 


haufted about noon; between fix and feven in the evening, they feem’d to be 
§, they 


“ir, to the me- 


tion even of mete 


all quite dead ; and the rather, becaufe, tho’ they appear’d very lively juft «nd miter 


before they were feal’d up, running briskly up and down the bubble they 
Were in; yet, they grew almoft movelefs, as foon as the air was exhaufted; 


and a little while after appeared more fo: tho’ Ia little fufpeéted, that they 


were much incommoded, by fome glutinous fubftance, that feem’d to have 


. got into the receiver, from the vapours of the cement. When upon opening 


the glafs, the air rufhed in, no fign of life appear’d, for a great while, in 


_ any of the ants: but next morning, about nine a-clock, I found many of 


them alive, and moving about. 

~ We convey’d a number of mites, together with the mouldy cheefe, 
wherein they were bred, into three or four portable receivers, which were, 
all of them, very fmall, and not much differing in fize. From all of thefe, 
except one, we withdrew the air; and, then, making ufe of our peculiar 
contrivance to hinder its return, we took them, one after another, from 
the engine, and laid them by, for further obfervation. That wherein, to 


_-obferve the difference, we left the air, was fealed at a lamp-furnace, after. 
the ufual manner. Our tryals afforded us the enfuing phenomena. 


(1.) The mites, inclofed in the fmall glafs, that never came near the en- 
gine, continu’d alive, and able to walk up and down, for above a full week 


— after me had been put in; and, poffibly, would have continu’d much 
— don 


er, if the glafs had not been accidentally broken. | 

2.) As foon as ever one of the receivers was remov’d from the engine, 
Z look’d with great attention upon it; and, tho’, juft before the withdraw- 
ing of the air, the mites were {een to move up and down in it; yet, within 


afew minutes, after the receiver was apply’d to the engine, I could difcern 


~ inthem no life at all; nor was any perceiv'd by younger eyes than mine. — 


Aaaa2 | Nay; 
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Nay, by the help of a double convex-glafs, I ‘was not able to fee any. ‘ A | 


them ftir up and down. And no motion was taken notice of in the other 


{mall receiver of alike fhape and bignefs. About an hour after, Ilook’d up- 
onthe receiver attentively again, but couldnot perceive any of the mites to 


ftir ; and the like unfuccefsful obfervation I made two or three hours after _ 


that. And at firft letting in the air, to try if the mites were not quite dead ; 
I could not perceive, upof its rufhing in, any of them to ftir: yet, I left the 
receiver unftopt as it was in the window, upon a fufpicion, that the air 


might not be able to exercife its operation upon them, in a fhort time. 


(3.) And, abouttwo or three days after, I founda number of my little 
animals reviv'd; as anattentive eye might eafily perceive, by the motion of 
certain little white fpecks, when affifted to obferve it by little marks, that I 
made on the outfide of the glafs, (which was purpofely chofen thin and clear) 
near this, or that mite, witha diamond; by the approach to, or recefs _ 
from which marks, the progreffive motion became, perhaps, within a mi- 
nute, plainly difcoverable ; efpecially, if, when the eye perceiv’d little white 
fpecks, that look’d like mites, the receiver fhould be fo turn’d, that the bel- 
Jies and. feet of thofe little creatures were uppermoft; notwithftanding 
which, they would not eafily drop down, but continue their motion : and 
thefe fpecks being made upon the concave furface of the thin glafs itfelf, 
were thereby render’d much more eafily vifible. 7 
~ (4) But becaufe it dothnot, by the third phenomenon, appear, whether, 
in cafe our mites had been kept in a movelefs ftate, for a much longer 
time, than three or four hours, they would have been recoverable, by the 
admiffion of the air; I fhalladd, that one of the portable receivers, above- 
mention’d, being exhaufted and carefully fecured from the air, was kept 
from monday morning tothurfday morning : after all which time, being una- 
ble to difcover any fignsof life, among the included mites, the air was let in 
upon them, which, foon, had firch an operation upon them, that both I, and 
others could plainly fee them creep up and down in the glafles, again. 

136. Having procured a large number of filk-worms eggs, and caufed 
three very fmall receivers to be purpofely made, that differ’d very little, either 
in fize or figure; we convey’d into each of them, together with a {mall ftock 
of mulberry-leaves, fuch a number of eggs as, we thought, made it morally _ 
certain, that, at leaft, fome of them fhould prove prolific. ‘This done, we 
carefully exhaufted one of the receivers, and fecured it againft the return of 
the air; and the two others we left full of air: but, having left in the one 
a little hole for the air to get in. and out at, we ftopped the other fo clofe, 
as to hinder all intercourfe between the internal and external air. ‘Fhings. 
being thus prepared, we expofed the receivers to a fouth window, where 
they might be quiet, and where I either came, or fent to look on them, 
from time to time; the {pring being then fo far advanced, that, I fuppos’d, 
the heat of the fun would be, of itfelf, fufficient to hateh them, in no 
long time. And both I, and others, took notice, that; in the unex- 
haufted receivers, there were feveral eggs hatch’d into little infeCts, that 
perforated. their fhells, and. crept out of them; tho’, afterwards, for a 
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of chatige of food,.or air, or both,. few, or none of them, proyed long- Pxsusariess i 
lived. But tho’ the eggs, in thefe receivers, began to afford us little ani- * ra 
mals, in a few days; yet the eggs, in the exhaufted receiver, afforded none : 
in fo many more, that we left off to expect any from them. 

We took feveral of thofe little {wimming creatures, which in autumn, 
efpecially towards the end of it, are turn’d into gnats; and, having put a 
convenient number of them together, in a fit quantity of rain-water, 
wherein they had been found and kept, into a {mall receiver; the air was 
pump’d out, and the veffel fecured againft its return, and then fet afide in 
a place, where I could obferve, that, on the day after, fome of thefe little 
animals were yet alive, and fwimming up and down, not without minute 
bubbles adhering to them, but, ina day or two after that, I could not 
perceive any of them alive: nor did any of them recover, upon the ad- 
miffion of frefh air.. Indeed, the weather was fo cold and unfeafonable, 
that a number of thefe little creatures, put up with water in another {mall 
receiver, all died within a few days, tho’ none of the air was exhaufted. 
And feveral that I kept in an ordinary glafs, which was often unftopp’d, 
to give them frefh air, perifh’d very fait... age 

137. We took a round glafs-egg of clear metal, and furnifh’d with a tre fuprizing 
fhank, fome inches in length; this we fill’d with water, and convey’d both rarifalion of 
it, and a vial, containing water, into a receiver, of a convenient fize , at ae 
and by pumping the air out of it, we made bubbles both in the egg, 
and the vial, to difclofe themfelves'in great numbers; fo that. the liquor, 
in the glafs-egg, feem’d ,to boil, and caufed all that was in the fhank, to 
run over. When we thought the water. was fufficiently freed from air,- 
we took out the glafles, and fill’d up the fhank of the egg with water ta- 
ken out of the vial, and inverted it,into more of the fame water, in fuch 
manner, that the egg was, quite full, fhank and all, excepting a {mall 
bubble of air, that we, purpofely, left, to gain the top of the egg; where 
we meafured it as accurately as we could, and found it to bea tenth, and 
lefs than two hundredths of an inch. Then, putting the glafles again into 
the receiver, the pump was work’d, and the little bubble, after a while, 
began to expand itfelf; which, when it had once dgne, it, at each fuck, 
ftrangely increas d, till, at length, it drove.all.the water out of the round 
part of the glafs. And, left it-might be: cbjééted; that *twas only. the 
{ubfiding of the water, upon the withdrawing of-the outward air, that 
before kept it up to the top of the glafs; wecaus’d the pumping to be conti- 
nu’d, till the expanded air had, feveral times, driven: the water, in the. 
pipe of the egg, a pretty. way beneath the level of the external and fur- 
rounding water 10 the other glafsi,."This done, we let in the air, sby de+ 
grees, with a defign to obferve what bubble we fhould find at, the top.of 
the egg, when the water fhould be again driven up into its cavity.’ But the 
expanded air had forced over fo much water, that there remain d not 
enough to fill the globular part of the egg. We, therefore, made the ex- 
periment again; and, when we had proceeded thus far, comparid. the 
above-menition’d diameter of the {mall bubble, with that of the fpherical | 

part. . 
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- Besiiarice part of the glafs, which we took with a pair of callaper-compaffes ; and 
NAN tho’ we found it to be fomewhat more than twenty times as great, yet we 
_ holliing fuppofed the two diameters to be only as 1 to 20: and; confequently, 
fince the proportion between f{pheres is triplicate to that of their diameters, — 
the air appear’d to have, by expanding itfelf, poflefs’d eight thoufand times 


the {pace it took up before. Nor was it‘overfeen ‘by us, ‘that fuch glaffes 
as we ufed, are {carce ever {pherical. But ‘Dr. Wallis,’ who affifted ‘at the 
experiment, concluded, with me, that’the cavity of the fhank,’from’whence _ 
the expanded air drove the water, which’ we did not. ‘compute; would 
make abundant amends for any inaccuracies. - After this, for farther ‘fa- 
tisfaction, we took water, laborioufly: freed‘from-air; and, putting’ it inte 
the fame glafs-epe; we inverted it, as before, but deft not any bubble in. _ 
ae it.’ ‘This we did, that, in-cafe we? cotld-make'the water fubfide, ‘the ex- 
: , periment might prevent’‘a fufpicion, that fome air, ‘latent in the water, in= 
creafed the bubble, formerly deft in it. Having, then; exhaufted the re= 
ceiver, at leaft as much as before, the water, in the egg, did not at all fub= 
fide: but, at length, with obftinate pumping, a bubble difclofed itfelf, and 
drove all the water clear out of the round part of the glafs. And tho’, by 
reafon of fome {mall leaks, that we could not find, or ftop,we were not able, 
as before, to make the expanded air deprefs the water in the fhank, beneath 
the furface of the external water; yet we wanted very little of it: and, 
‘then, giving over, we found,:that when the water was impell'd up again 
into the egg, there was, at the top of it, a bubble, whofe diameter we 
meafur’d, and found it to be tothe diameter of the globular part of the 
glafs, as 1 to 24: fo that, tho’ the little bubble had been a perfect {phere, 
it muft, ‘when expanded, have been 2744 times as big as when unexpanded: 
But Dr. Wallis, obferving the great thinnefs of the bubble, pofitively af- 
firm’d, that he could not eftimate it to be, at moft, any bigger than the 
third part of a perfect {phere of that diameter: by which eftimate, the 
expanfion of the bubble ‘muft have reach’d to $232 times its natural die 
menfions. ‘Yet by letting as much water into the receiver as it would ad< 
mit, wefound, that we had not exhaufted all the air. ed Oia 
138. At another time, a fmall, and almoft invifible bubble, expanded 
itfelf, when the ambient air was pretty -well exhaufted to mere than 
ten thoufand'times its former extent. We took a fimall bolt-head, blown 
at a lamp, which contain'd, in all, about éighty grains of water; and 
| inverting the {mall neck into a jar of water, it was included in the 
receiver; and the ambient air being exhaufted, numerous bubbles rofe. 
out of the water, and, expanding, quickly drove all the water out of the 
bolt-head. Then, re-admitting the outward air, the boit-head was pres. 
fently almoft fill’d, and all the ‘expanded air thrunk into a bubble little 
bigger thana fall pin’s head ; when, ‘taking the bolt-head out of the wa-= 
ter, and inverting it, that the bubble might get out at the neck, we care- 
fully fill’d it up with the water that had been freed from air + and, then, 
inverting it, as before, into the jar with water, we again included it: 
and, after fome exfuétions, found, that there was got out of the water, 
LES | Va . ae : into 
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into the neck, a‘ very ‘confpicuous bubble, which, upon admitting: the Pxtuxarrcy; 
air, fhrunk almoft into an: invifible one, and afcended into the head of. VN 
the glafs. Then, again exhaufting the receiver very well, we found it ex- 
pand itfelf, fo as to fill the capacity of the bolt-head, and.to drive out almoft 
all the water. And, upon re-admitting the air, it again fhrunk intoa 
bubble, ‘whofe diameter (according to our beft eftimate) was not more than 
a two and’twentieth part of the diameter of the head of the above-mention’d 
glafs; fo that, to fill the whole cavity of the head only, it expanded itfelf 
10648 times: but, becaufe it fill’d, likewife, the greateft part of the neck, 
we found, by weighing the water which fill’d that part, and the water 
which fill’d the-head, that:the capacity of thar part. of the neck,. was’ al+ 
moft a third of the capacity of the head; being as 141 to 481. If, there 
fore, 481, the capacity of the head, contain’d it 10648 times; 141, the 
capacity of the neck, muft contain it 3121442 times; fo that, in all, the 
{mall bubble of air was expanded to above 13769 times.its former bulk... 

_ © ‘The diameter of the {mall bubble contra@ted, was <5 inch. — 
| "The'diameter. of the outfide of the head of the glafs was 34 inch... 
> "The ‘water, that fill’d the head only, weigh’d fixty grains and a half, » ; 
£ 


The’ water that fill’?d the head, and as much of the neck as the air had 
before expanded itfelf into, weigh’d feventy-eight grains, and one eighth; 
whence that part in the neck weigh’d feventeen grains, and five eighths. 
"The bolt-head itfelf weigh’d fifteen grains. : Gedung | 
“939. "We tried this experiment again, and found a fmall bubble, much © it 
about°one twelfth of an inch in diameter, fill'd not only the ball, atthe ‘i 
‘end of the bolt-head, (which was an inch and a half in diameter,) but the 
whole neck, which contain’d near as much water as the head ; and. beat down 
the ‘furface of the water within the pipe, much below that of the water 
rextet naleriRitio’ ) years Derbi xit to svi 6 Vern aad : 
©’ THefe experiments may give rife’ to inquire, what figures and motions 
‘im the particles of the air, can explain fucha wonderful rarifaction, per- 
“haps, “without quite lofing its dutable {pring; how the air comes to be ra= 
‘yiftable fo many times more without heat, than hitherto we have found it 
‘by heat); and, laftly, what might, reafonably, be conjeétur'd about that 
part of the cavity of an exactly clofed glafs, where, tho’ the eye difcovers 


‘nd. ‘vifible:fubftance, it.appears not, that the ‘common air adequately fills 


fo'much'as the ten thoufandth part. <9): » | Sth Bey ts Sgé 

~- 7402 It has not, that know of, beenattempted to difcover, whether the, ti, gumation of 
‘air either in the utmoft, or in the intermediate degrees of rarifaction: wethe fring of ow 
‘can bring it to, retains a .conftant and durable elafticity ; and what other ?*"""4 *™ ; 


‘properties it‘either gainsioy lofes by confinement™. ©, 


"Too attempt fomething'of this, kind,:I-caufed a good, bubble. of glafs, | | 
“with a ftem,: to be fo blowniat the flame of a lamp, that whilft the ball was | } 


* Mr. Hauksbee bas fhewn,'by experi- | natural tone and temper ; and: that this ut 
.ment, that the fpring of the air.may be | tone will beas the force employ’d, or its a 
fo .difturb’d by violent preffure, as to re- | continuance in fuch aviolentfite! Hauksd. 
‘quire a confiderable time to recover its | Experi po 1101 12./and! p, 1623 6602 
maha yet. 
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air} ithe ftem was fuddenly feal’d: up. © This bubble, niany: months, atier, 
L inverted into'a bafon of water; and, having broken, off che {eal.ander 
the furface of it, the liquor was violently impeli’d into the cavity; yet was 
not able to fill it; a cconfiderable part. being: defended’ from;the farther 
afcent of the water, by the fpring of the remaining:air;; which,’ for, all.the 
jong ftretch it had been put to, had not, that we obferv’d;. loft any thing 
of its {pring: © At another time) leaving a very fmaill proportion of air in 
the folds of a fine limber bladder, whofe neck was very clofely tied ;. by 
the help of the air-pump, it was fo expanded, that, at length, it, feemid 
to fill the whole bladder, sand reduce it to the extent. it had, juft, before 
*cwas empty’d.) And the bladder, by a ‘peculiar, contrivance, was. foin- 
cluded: in: another: veflel;' that,: being protected from the outward air, it 


* maintain’d its tumid figure; and in that unwrinkled ftate it eontinud. for 


‘near three years: | 13h ‘6 Ht ec 
A, afterwards, contrived an. inftrument, fit to difcover how long air, 
brought’ to. the ereateft: expanfion I could’ conveniently reduce it, to.in my 


engine, will’retain its’fpring; and. by: what degreés, or ftages, and pe- | 


viods of time, the decreafe, if any happen, is’ made. But I could not, by 
its means, obferve any remarkable diminution in the air’s elafticity, tho’ 
-it was prefs’d, and, as it were, cloge’d with a weight, which one would 
wonder how it could, when ’cwas fo highly rarify’d, {upport.forione mi- 
-nute. And, in one of them, we found not, inoten weeks timey any con- 
fiderable variation ; for’ the little ‘fhrinking of the:air, difeoverable by an 
attehtive eye, might be, —probably, afcribed to the change of the weather 
to afar greater degree of coldnets. a & tive slpari al 

I, alfo, .contriv’d a little portable inftrument, wherein the air being ex- 
-panded, as one-may guefs, to-five or fix hundred times, (perhaps a thou- 
fand times) its wonted extent; has not only, for adong time, preferv'd its 
{pring ; but, alfo, tho’ very much dilated; without heat, the heat of the 
hand, apply’d to the outfide of the veflel, has a» quick, and. very manifeft 
-operation ; and; upon the withdrawing thereof, the air quickly returns to 
its former dimenfions, and temper: fo that it may be employ’d as a kind of 
-sveather-glafs. Ds 4 2 DilblovidsxoR FO ugh sito thas 

‘141. A cylindrical glafs, blown’at a lamp, and having a long ftem coming 
out at the unfeal’d end, was quite fill’d with: water, and inverted into 
more, placed at the bottom of a large pipe, feal’d at one end, and of three 


_or four feet-in length: this external pipe was exhaufted, till the air, that 
difclofed itfelf in the water of the internal one, had fore’d out the water, 


-in the,cylindrical glafs,-as low as the upper’ part of. the ftem ; at: which: 
great expanfion of ‘the air, theexternal pipe, being fpeedily and fecurely 
‘elofed by a certain contrivance, the air, thus rarify'd, was kept. fome- 
_times.in my own chamber, that was warmer ; fometimes in an under-room $ 
and, after it had been kept, from firft to laft, about eleven weeks, or 
three months, without. any, other remarkable variation, than that in the 


~ x60ld yoom, the:water-afcended a little at. that part ‘of the internal Pipe, 


where 


a 
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where: thelower-dnd of the cylinder gradually leffen’d itfelf into the flen- Psevmazicss d 
der ftem. At length we. broke off the clofed, apex, when the water was / Vs wait 


but leifrely (becaufe of the flendernefs of the orifice made for the air to 
et into it) impell’d up into the deferted cavity of the cylinder, which it 

wholly fill’d, except a little bubble, exceeding ‘fhallow. We made ufe of 
our eyes, at a fit diftance, and of compafles, both ordinary and callaper, 
to obtain thefe meafures,. The cylindrical part of the internal pipe was 
three inches in length ; and three fifths of an inch, or lefs, .in diameter, on 
the outfide. ‘The bubble was’ two tenths in diameter, and about two 
hundredths in depth. From all which, according to Dr. Wallis, who af- 
frfted in the experiment, the natural bubble was, to the {pace it poflefs’d, 
when expanded, as 1 to 1350. a oe 

142. After the middle of Seprember, on a fun-fhiny day, about noon, we ee 
took a bolt-head, or round vial, furnifh’d with a long ftem, and plac’d ley scene 
ina frame purpofely provided, fo that the ftem was perpendicular to the fo Hier ade. 
horizon, and the-globular part fupported by fuch a veffel, that thorough a0" "5" 
hole made in itsmiddle, the fhank reach’d downwards, till the orifice of it 
was a little immers’d beneath the furface of a glafs of water, placed at the 
bottom ofthe frame. ‘This dorie, we took a large proportion of beaten ice, 
and mix'd it witha due quantity of bay-falt,and not only laid it round 
about the lower part of the ball; but the veflel, contiguous to that part, 
being purpofely made with turn’d-up brims, we heap’d up the frigorific 
mixture, foas to bury the whole {pherical part of the glafs in it, and co- 
ver the very top of it therewith to a confiderable thicknefs ; whereby the 
air within being exceedingly cooled, the water, in which the thank termi- 
nated, was made to afcend faft along the cavity of that fhank, till we per- 
ceived it would reach no higher: but, after awhile, it began to fubfide 
again ; which nick of time being carefully watch’d, we made a mark at 
the higheft {tation of the fluid, and then taking out the bolt-head, we fill’d 
it with water ; allowing for that fmall part of theftem which was im- 
mersd at the beginning of the operation. This water weigh’d nineteen 
ounces, and fix drams ; then weighing as much water, as fufficed to All the 
fhank up to the mark before-mention’d, we found that to be one ounce and 
three drams ; by which number, the former being divided, the quotient 1s 
14 77 drams : io that the proportion of the two quantities of water, being 
as 11 to 158, the {pace into which the air was condenfed by refrigeration, 
was to the {pace it poffefs’d in its former ftate of laxity, as 147, to 158; 
and, confequently, the greateft condenfation, that fuch a time of the year, 
fuch weather, and fo high a refrigeration could bring the air to, made it 
lofe but -#4 of its former extent. | 

But, in the following condenfation, or compreffion of air, tho’ cold were, 
indeed, ‘employ’d, yet that could not contraé the air to any thing near fuch 
a degree, where the frigorific mixture did not primarily, or immediately, 
comprefs the included air; but only fo affected the water that was fhut up 
with it in the fame veffel, as to make it {well, and, confequently, crowd 
the aerial particles into Jefs room. | 
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| Peeumarics:’ ‘The experiment was this. We took a new glafs bolt-head, witha‘ neck” 
| not long, and fill'd it fo far with common water, that, being hermetically — 

feal'd, the liquor reach’d within three inches of the top; andmaking an- 
eftimate of the fharp end, left fo for the conveniency of fealing up. the 
glafs, we guefs’d, it to be about a quarter of an inch in length ; then, ap- 
plying faow and falt tothe lower part of the bolt-head, we readily drove 
out the water further and further into the neck, till at length it was* got 
up to the bafis of the fharp conical end, where the glafs.was. feal’d's and 
then, juft as I was looking upom it, the glafs flew, with a noifé, about my 
ears ; being broke into many pieces, which argued the compreffion of the 
aiy to have been very great. And Dr. Wallis, who was ptefent, and 
meafur’d it from time to time, defired me to regifter the experiment, with 
iis eftimate ; which is, that the air was reduced. into the: fortieth part of 
* jts former dimenfions. =. | | “ 
This condenfation of the air isthe more furprizing, becaufe fome of the 
greateft mathematicians of our age, have not, with wind-guns, and other 
forcible engines, been able to crowd the air into lefs than the fifteenth. part 
of its ufual extent. it ; ; 

The furprizing 143. Tho” we could not find, that cold, in our climate, would: reduce 

| Oe ite * the air into near the twentieth part of its natural {pace, by condenfation 5. 

Same ene yet, heat will advance it to. near feventy times its ufual laxity, by ra=_ 

ee omefea. Titaction. Pipi ; Be ati. tte. 

3 But, as by engines, and artificial contrivances, the air may be two or three 

| times more comprefs’d, than naturally itis, even in frofty weather ; fo,. 

on the other fide, it may, by means of art and. inftruments, be much 
more rarified, and expanded, than has beer hitherto found, by the bare 
application of external heat, even that ofan intenfe fire. 

) We may, alfo, obferve, how much the utmoft degree of its rarifaction 
by heat, mention’d by Merfeuuus, falls fhort of the degree to which it has, 
been advanced in our pneumatical engine ; the proportion: betwixt the two. 
being that of about 1 to 70. tr | 

But the air, we make our trials with, upon the furface of the earth, is; 
not, properly, in a free and indifferent ftate, with regard to rarifaction,. 
and condenfation ; but already highly comprefs’d by the weight of the at- 
mofphere refting upon it: whilft the air to be rarified, has, by virtue of 
its {pring, a ftrong tendency to dilate itfelf. | 

Here, then, feems to be a furprizing mutability of the air; as to rarity 
and denfity ; whereby the fame quantity of air being, fometimes, com- 

refs’d, and fometimes dilated, may change-its dimenfions toa degree, that 
ems, almoft, to tranfcend the power of nature andart'; and, by confe- 
quence, might, probably, be rejeéted as incredible, if it were abruptly, 
and-nakedly propofed : for, we can {carce‘fafely put determinate limits to 

. the ftupendous: rarity, which the upper part of the atmofphere, being, al-. 
moft: totally, uncomprefs’d, by incumbent particles. of air, may be fuppo= 
fedito haye by nature, unaffifted with art. : 
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But to compare together the {malleft extent, to which we have rediic’d iy 
e : « ° > 3 ¢ . 
the air, by condenfation, and the greateft to which we have advanc‘d it by 


rarifaction ; the extent of the fame quantity, highly-rarified, 1S, to leave out 
fome odd hundreds, 13,000 times greater than before ; which, being mul- 
tiplied by 4o, the degrees of the air’s. compreffure, it will amount to 5 20,000, 
for the number of times, by which the air, at one time, may exceed itfelf 
in bulk at another : a difference truly furprizing, tho’, doubtlefs, it might 
be.carried vaftly higher! * . : 


SE Gel; SH 


‘PR Efore we proceed to our other pneumatical experiments, ‘tis ne- 
ceflary topremife, what relates:'to the improvements of the chief en- 
‘gine, wherewith they were made, and to the other inftruments employ’d 
-therein. 
In our engine, 
-pumps made of brafs. Tit 
BB, two fuckers or Emboli, hollow within, -and open below. 


~ CC, two holes in the upper part of the fuckers, with valves o 


outwards, to let the air efcape, and hinder it from-coming:n. | 
DDDD, iron-rods, ferving to move the Zmboli, being annex’d to them. 


EE, two flat iron ftirrups, ar the top 


of the rods DD, on which, the 


“operator muft ftand to work the-engine. 
GGG, a cord join’d tothe two ftirrups, and running in the pully H. | 


® Air, nearthe:earth’s-furface, pofleffes 
rabout 850 times the {pace -of an equal 
weight of water; and, therefore, fays Sir 
Waac Newton, * a cylindrical column-of 
** air, 850 feet high, is of the fame weight 


“¢ with a column of air a foot in heighr,. 


“ and of the fame diameter. But a co- 
“¢ lumn of air, reaching to the top of the 
“ atmofphere, is equal in weight to a co- 
“© Jumnof-water, of about 33 feet high ; if, 


“€ therefore, the lower part of the whole. 


“© gerial-column.of 850 feet high, be de- 
“« duéed, the remaining upper part will 
“© be equal, in weight, to a column-of wa- 
“ter 32 feet high. ‘Now, fince the air 
* is comprefs’d, 
“© atmofphere that refts ‘upon it.; and 
“© fince gravity -is reciprocally as the 
“* {quare of the diftance of the place 
“* from the earth’s center ;I have found,” 
. fays he, “ that air, in afcending from the 
_ “* furface of the earth, :to the height of 
* 4¢*one femi-diameter thereof, is rarer than 


in proportion -to -the. 


“< with us in a far greater proportion; 
‘¢ than that of all the fpace below -the 
*¢ orb of Saturn, to.a {phere of an inch 
“* diameter. Confequently, fuch a {phere 
“ of our air, of the rarity it has at the 
“« height of a femi-diameter of the earth, 
** would fill .all the regions of the planets, 
*¢ as far as the orbit of Saturn, and vaftly 
“¢ farther!” Newton. Princip. p. 470. 
This prodigious degree of rarifaGion, 
feems unintelligibleto Sir Ifaac Newton, by 
feigning the particles of air to be fpringy 
and ramous, or rolled up like hoops ; or, 
by any other means than a repulfive pow- 
er; which is much greater here than 
in-other bodies, becaufe air is very diffi- 
cultly generated-out of very fix’d bodies ; 
and {carce without the affiftance of fer- 
mentation ; for thofe particles recedefrom 
one another with the greateft force, and 
rare moft difficultly brought together, 
which, upon contaé, cohere moft.rong- 


ly. Neawton. Optic..p. 341, 372. 
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xremarics. TT, two valves at the bottom of the pumps, opening inwardly, to ad~ 

‘palit mit the air out of the tube MM. : ay oth tha orhghss 
MM, a tube reaching from both pumps to the plate OO, by means: of 

the curvature PPQQ:; which ought to be fo long, that the tube PQQ, may 

not hinder the pumper from ftanding conveniently on theftirrups EE. * 

OO, a plate bored in the middle, on which, the receivers, tobe evacu- 

ated, are placed; as'R, for example. — - i dash vd me 

Before this engine canbe fit for ufe, itis to be put into a frame of wood, 

to fupport it, as Fig.69. and as much water isto be poured thro’ the 

hole Q, in the plate OO, into the pumps, as will fill the cavities of the fuc- 

kers, and a little more: then, a perfon muit ftand on the two iron ftirrups 

EE, and alternately deprefs and elevate them. By this means, the 

fuckers, following the motion of the itirrups, in their afcent, will leave the 

{pace in the bottom of the pumps empty; and fince, as all other paffage 

is denied from the air, that alone, which is contain’d in the receiver R) is 

convey'd into the pumps, by the tube QQPPM, and opens the valve 

L, which being prefently fhut, hinders the fame air from returning’: 

wherefore, the fucker afterwards defcending, comprefleth that air; whence 

of neceffity, the valve C, muft be open’d, and all the air. pafs out at it ; be- 

_ caufe, the water in the bottom of the pumps, exactly fills all the fpace, 

and alfo reeurgitates thro’ the valve C. Hf } 

This double engine is, upon many occafions, preferable to a fingle one ; 

fince it doth, not only, produce a double effect, but, alfo, performs it much 

more eafily: for, in thofe engines, which are furnifh’d but’ with one tiibe, 

whilft the fucker is drawn up to evacuate the pump, the whole pillar of the 

air, incumbent on the fucker, is to be elevated by force; and again, when 

the fucker returns, it is alfo, by force to be reftrain’d, Jeft it fhould be too 

fwiftly impeli’d by the air, and fo break. the bottom of the engine; but, in 

thefe double engines, the operator is, in avmanner, wholly free from that 

toil. For; in the firft fu€tions, the Emboli are eafily lifted up, becaufe 

the air, immediately derived from the receiver R, into the pumps, prefleth 

the fuckers downwards, almoft as ftrongly, as the external air, incumbent 

on the oppofite part; and, when the quantity of the internal air is dimi- 

nifh’d, the fucker, to be deprefs'd, tends downward with the ‘greater force, 

and fo, by means of the cord GGG, compaffing the pully, draws the other 

Embolus upwards, and, at the fame time, hinders it from defcending with 

too great velocity ; and, by this means, both fuckers, at one and the fame 

time, will affift the pumper. And, as the Emboli make but a very {mall 

_ Yefiftance, the two pumps of this engine may be ply’d' with greater eafe and 
expedition, than one pump in fingle engines ; whence, this contrivance is of 

reat ufe inthofe experiments, which cannot well be made flowly. | 

A reerenvial The whole gage ABCDE, ‘confifts of three glafs-tubes, all well ce- 

Fie 70: mented together, fo, that 4 paflage remains open, from one to the other; 

| the firft of thefe tubes AB, being open at the extremity A, is of lefs capa- 

city, than the tube BCD, but of greater, than ED. The tube BCD, 

eS) 
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is crooked in the middle, and the tube ED, ought to be hermetically feal’d,?"zvmaries, 
at.the extremity E.; but the part BCD, muft be fill’d with mercury. Nd, 
_ If this inftrument, thus prepar’d, be put into a receiver, out of which, Be: 
the air is to be extracted, the air remaining in the part ED, will, by its 
{pring, comprefs the mercury DCB, and force it to afcend into the part 
BA, and itfelf will be dilated inthe cavity DC. If, then, the following i 
proportions be duly obferv’d, between the magnitude and length of the 
tubes, when the air is extraéted, the mercury will almoft reach to the top 
A, and the airin the other leg, being fo dilated, that it cannot fuftain a 
greater body of mercury, will remain included in that {pace. | 
_ But, that this inftrument may exaétly fhew the quantity of the air pro- 
duced in a receiver ; the tubes AB, ED, are to be diftinguifh’d by marks 
into feveral parts: and, when the Torricelliau experiment is made, upon 
the plate LM, of the pneumatic engine, as Fig. 70. a receiver FGE, is to | 
be taken, perforated, at the top F, and the tube HI, is to be tranfmit- , 
ted thro’ the hole, that fo the receiver may be apply’d to the plate: and, 
then the hole F, being ftop‘d, and the gage ABCDE, put into the receiver, 
the air is to be exhaufted: the air, then, being dilated in thereceiver, the 
mercury cannot be fuftain’d fo high in the tube HI, but muft defcend by 
degrees; and, at the fame time, the air of the tube ED, gradually drives 
the mercury into the tube AB. Now, when the mercury, in the tube HI, 
defcends to the height of twenty-nine inches, and remains at that height, 
if we mark how high the mercury hath afcended.intothe tube AB, we may 
know, that, as often as the mercury in the gage fhall reft at, that height, 
the air, in the fame receiver, will be able to fuftain, only twenty-nine 
inches of mercury ; whence that place in the gage muft be marked with the 
figure twenty-nine: and fo, every inch of the mercury’s defcent in the 
tube HI, may be marked in our mercurial gage, when the parr AB, will 
fhew all the degrees of the rarifaction of the air. | 

But, now, if the air be condens’d in the receiver, above its wonted pref- 
fure, and all ways of its efcape be ftop’d, it may immediately be known, 
_by the tube ED; for the mercury will be impell’dinto it, by the incumbent 
air, thro’the open hole fo muchthe higher, as the compreflure of the air in the 
receiver fhall be the greater ; and how great that is, and what an altitude of the 
mercury it can fuftain, may eafily be found, by computation, thus. 

_ It has been prov'd, that the {pace poffefs’d by air, is diminifh’d in the 
fame proportion, as the comprefiing force increafes, and vice verfa. : 
Let then, the {pace A, be poffefs'd by a certain quantity of air, whilft 
the compreffing force is F : if, we increafe that force by the addition of G, 
which is equal to it, our felf-fame quantity of air will be reduc’d to half 
its fpace, io that B, the remaining fpace, will behalf of the total fpace 
_A, as the former preffure F, is half of the toral preflure F and G. And, if 
we further increafe the preflure, by the addition of H, fo that, the firft 
_preflure F,, is only one fourth of the total preflure F and G and H, theair can 

offels only the fpace C, which is one fourth of the toral {pace A. 

hus, the remaining {pace will always be in the fame proportion tothe to- 

tal {pace, as the firit preflure isto the total preflure. SO 
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Treexaries So that the remaining fpace, being to the total fpace, as the firft pref- 
fure is to the total preflure; three of thefe terms being known, it will 
be eafy to find a fourth, by the rule of proportion. For inftance, in 
our gage, let the tube ED, be the total fpace, into which the air is com- 
prefs'd, by the ufual preflure of the air, which, in Exgland, is equiva- | 
{ent to thirty inches of mercury ; the firft preffure, therefore, will be thir- 
ty inches of mercury. Now, if that preffure be increafed, and the air 
reduced into a lefs ipace, fuppofe into the fpace NE; to find the 
quantity of this preflure, I meafure the remaining fpace NE, and con- 
{titute that, fuppofe fix inches, for the firft term of the proportion; 
then, the fecond term, will be the total fpace DE, fuppofe twelve inch-— 
es; the third term, the height of thirty inches of the mercury, which _ 
was the firft preffure; and fo the fourth term, or total preffure, will be 
found to be fixty inches of mercury: whence I conclude, ‘that the preflure 
- of the air in the receiver can fuftain the mercury to the height of fixty 
inches ; and foof the reft. q 
From the fame principle, it will be eafy to find, what ought to be the 
proportion, between the fize of the tubes AB, and ED. For that de- 
pends on the length of the legs, which, the higher. they are, fo much 
the better they reftrain, and keep in the air, but little dilated, in 
‘the feal’d part. For inftance, let the length AB, be ten inches, which height 
of the mercury is one third of the accuftom’d preflure, and it is fufficient, 
‘that the tube HB, be twiceas big, as thetube ED; for, after the mercury 
‘hath afcended to the top of the tube AB, the air included in the other leg, 
‘expanding itfelf into the {pace forfaken by the mercury, -will poflefs three 
times more than its former {pace ; and fo one half of the firft preffure, 
_ which is ten inches, will be fufficient to curb its f{pring. But, if 
“the legs were fhorter, the mercury would be expell’d, by the included 
air, at leaft in part. And, theatre! the ‘magnitude of the tube AB, 
-ought to have a greater proportion to the magnitude of the tube ED, that 
the afcending mercury may afford more {pace to the air, to be dilated ; fo 
that the {pring of the air being weaken’d, the weight of the mercury can- 
‘not-be overcome. And, thus it would happen, if the height of the gage 
were ‘to the height of thirty inches, in the fame proportion with the firft 
pace of the air, tothe total {pace it would poflefs zz vacuo. | 

The height of the tube, fhould-rather be too long, than too fhort; be 

caufe, if.it be too fhort, the mercury will be expell'd-in part, and fo, not 

thew all the.degrees of rarifaction ; but, if it-be too long, the mercury 

will, only, not reach to the top, and fo the gage-will, neverthelefs, fhew 
all the variations, tho’ they be lefs fenfible. 

But the tube DC, -ought to contain a fufficient quantity of mercury, -at 
the leaft, to fill the tube AB, before any paflage be open’d for the air inclu- 
«ded in the tube ED. | 

In our engine to comprefsthe air, AA, isa glafs-veflel, whofe orifice is 
-exquifitely:fitted to the flat plate BB. | 

-BB, 15 a flat plate of brafs,.made to.clofe the veflel AA -exaétly. 

| ‘CC, -a 


hh cartdenfer: 
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CC, afinall tube of brafs, paffing thro’ the middle of the plate, and Pzuxarice, — 
faftened thereto. : } VN, 
E, a little valve, opening inwardly, to fhut the {mall tube C. | 
¥, the {pring depreffing the valve E. 
GGG, the gnomon faftened to the plate BB, made for reftraining the 
fpring F. 
Pi a {quare lath, fuftaining the plate BB, and bored thro’ in the mid-~ 
dle, to tranfmit the little tube C. Maen nis) vA 
LLL, LLL, two iron-wires, which, paffing thro’ the holes in the lath 
II, and compaffing the upper part of the iron-plate KK, hinder the plate 
from being much moved from the lath. 
KK, an iron-plate, with a hole in the middle, formed into a female- . | 
fcrew, to receive the male-fcrew MM. 
MM, an iron-fcrew, ftraitly to conjoin the receiver AA, with the plate 
BB; and, left the brafs-veflel fhould be broken, it is proper to put fome 
wood and leather between the fcrew, and the upper part of the receiver; 
leather, alfo, is to be put upon the plate BB, both to prevent the break- 
ing of the glafs, and the more exactly to fhut the receiver. 
NN, a pump faftened to the tube C, below the plate BB. 
OO, the fucker of the pump NN. : 
P, a little hole in the lower part of the pump, by which the air enters 
into it, when the fucker is brought to the loweft part thereof. ie: a 
To comprefs the air by means of this engine, we put the bodies, _ - | 
whereon the experiment is to be made, into the receiver AA; and laying 
it on the plate BB, firmly bind it thereto, by help of the {crew MM. ‘This 
done, the fucker or plug OO, is to be drawn, till the external air, by the 
/- hole P, can fill all the upper part of the pump; then, if the fucker be 
_ drawn upwards, the air finding no other paflage, will open the valve E, 
and enter into the receiver AA; from whence there is no regrets, becaufe 
the valve E, is prefently deprefled by the fpring F, and fhuts the hole C. 
And fo we may repeat the compreffion of the air into the veflel AA, at plea- 
fure ; whilft the quantity thereof is eafily known by the mercurial gages. 
But I fo fafhion the pump, that it may be fitted, by a fcrew, tothe 
tube C; for, thus, when one receiver is full, we may take away the 
pump, and ufe it to fill others. | 
Now, becaufe, in thefe engines, mercurial gages ferve to fhew the de- 
rees of compreffion ; there is no occafion for the gages before defcribed ; 
‘or thofe are made. with more difficulty, and, befides, afford but a {mall 
fpace, wherein to note the degrees of compreffion. It is, therefore, better 
to bend the glafs-tube, feal’d at one end, in feveral places, as in the figure 
T, that a long tube may be contain’d in a fhort receiver ;- fo that the rig. yz, 
mercury, being put in thro’ the open end, as, much as will fuffice to fill 
the length of one inch; all the reft of the fpace, fill’d with air, will ferve 
| for marking the degrees of compreffion, much more fenfibly than can be 
. done in a fhorter tube. | 
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_ Peegwaricss Here we muft note, that when the mercury tends downwards, in fuch 
| an infected gage, the weight thereof forwards the external preffure ; but 
when it is impell'd upwards, the fame weight refifts it: a difference to be 
regarded in very accurate experiments. 
To mix igus o 4 order to make mixtures in compreffed air, let the receiver be AA, in 
a in com- which we would mix either liquors, or powders. arid, 
:. 7, ~ Let QQ, RR, be two tubes, each of them feald at one end, and open 
at the other. | 
Let RQS, be a veffel of brafs, to be laid upon the orifice of the tubes, as 
in the figure. | : 
The liquors to be mixed, muft be poured into the tubes QQ,RR, each 
Jiguor in its own tube; and let the vefiel RQS, being inverted, be laid onthe 
orifices of the tubes; and, in that pofture, let all be cover’d with the re- 
ceiver AA; let the {crew be driven, and the airintruded after the manner 
juft detcribed: and when the gage T'T, fhews, that the compreflure is ar= 
rived at the degree intended, the engine is to be inverted, and fo the li- 
quors will flow down from the tubes into the veflel RQS, and be mix’d 
there. If more liquors, or powders, ate to be mix’d, the number of the 
tubes is to be increas'd accordingly. | 
Tomake avd ‘Lo tranfmit air out of one receiver into another, we ufe the following 
remove attifi- contyivance: oo he at 


cial air from 


“one receiver into AA, is a flat plate of metal, witha hole in the middle. 


eo BB, is the ftop-cock, faftened to the hole in the middle of the plate AA, | 


one of whofe ends is form’d into a male-fcrew. 

“Big.74. & 75. DOC, 1s a copper-funnel, open below, with a bioad orifice, (that it 
-might be eafily fet upon the pneumatic engine, and there ftand firm;) and 
the upper part of the orifice D, is fafhion’d into a female-fcrew, to re- 
ceive the male-{crew of the ftop-cock BB. 

EE, is a {mall tube, open at both ends, which are cut into a female<= 
‘{crew, to receive the male-fcrew of the ftop-cock BB. | 
FF, is the receiver laid on the plate AA, and exquifitely fitted thereto. 
Now, to make factitious air, we muft put the matter which is to pro- 
duce the air, into the receiver FF ; and placing that on the plate AA, 
by means of the fcrew, we ftrongly faften it thereto, as in our engine 
for compreffing the air; the ftop-cock BB, we infert into the female- 
crew. D: then the orifice C, and with it the receiver, is to be placed up- 
on the pneumatic-engine, and the ftop-cock B, being open’d, the air is to 
be extracted. When the receiver FF, is emptied of air, the ftop-cock B, is 
to be .fhut, that all paflage to external air into the receiver may be de- 
‘med; and the ftop-cock, ‘being taken out from the female-fcrew D, the 
‘receiver is prefently to be immers’d in water ; fo that, at leaft the plate 
AA, with the ftop-cock, may be cover’d therewith: thus no air from 
‘without.can find entrance; and the air, produced out of the matter in the 
‘Teeewer, will be preferv’d unmix’d ; whilft the degrees of its rarifadtion, 
-Or.compreffion, are known, as thofe of common air. — i 
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But if we would tranfmit that air into another receiver; another re~ Peevsarics. 
ceiver FF, with another plate AA, and a ftop-cock BB, is to be procured, ~ | 
and evacuated: then, by means of the {mall tube EE, we join the ~~ | 
ftop-cocks BB of, both receivers, when all fufpeéted places are to be ; 
ftopp’d with cement, that no external air may find entrance. "Then, the . 
ftop-cocks being open’d, the air, produced in the former receiver, flows 
into the latter; and the ftop-cocks being again fhut, and pluck’d out from 
the tube EE, the receivers may be kept a-part: when if there be any 
matter included in the latter receiver, we may eafily view what influence 
the fatitious air hath upon it. 

But, becanfe the mercurial gages, lately defcrib’d, are fpoil’d, if they 
be inverted, and the crooked gages prefently expel their mercury, if the 
air be rarify’d in their receivers ; and, fince the operation, here defcrib’d, 
cannot be perfeéted, but both receivers muft be inverted, and both, like- 
wife, emptied of air; gagesof another fort are to be made, after the 
manner following. | | 

AA, isa glafs vial, fill’d with mercury tothe fuperficies DD. 

BB, is a glafs tube, very well cemented, inthe orifice of the vial. 

CC, is another tube, tranfmitted thro’ the tube BB, and reaching to the 
bottom of the glafs. This tube muft be feal’d above, and open below; 
neither muft it fo exactly fill the tube BB, - but that paflage may be given to 
the external air, withinthe glafs AA. 

If this inftrument be put into a receiver, from which, the air muft be, 3 

afterwards, extracted, both tubes will be exhaufted of air; and, when j 


Fig. 7 6, 


you invert the receiver, to take in new air, as in Fig. 74. the mercury will ar 
flow down to the orifices of the vial, and be there kept, below the orifice is | 
of the tube BB; when the new air entring, will eafily fill bothtubes; andthe ‘ 


vial: then, the receiver being ere€ted, the mercury will again reft, in 
the bottom of the vial, and the orifice of thetube CC, willbe plung’d in it. oi di 
And, if any air be produc’d, out of the bodies included in the fame re- 4 
ceiver, the mercury will afcend into the tube CC, and there, reducing the me 
air intoa narrower fpace, fhew the degrees of compreffion. , 
| ah inftrument wherewith we filtred air thro’ water, was thus con Te ile 4 
trived. | . ' 
AA, isa glafs receiver, whofe: orifice, laid upon the plate BB, agrees Fg. 77- 
exquifitely therewith. , | 
~ BB, is a plain plate with a hole in the middle, to tranfmit the tubes . 
CC, DD. : : | 
_ CC, DD, are two tubes cementedto the plate BB; one of which is no 
higher than the plate, but the other reacheth almoft to the top of the recei- 
ver. 
EEEE, is a ftop-cock, to whofe holesthe extremities of the tubes CC, DD, 
are faftned. sie 
de is the key of the ftop-cock unperforated, wherein is only one chink 7 | 
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HH, isthe receiver, compaffing the end of the ftop-cock, and’ faftned to 
it, preventing the entrance of the outward air, and communicating with 
the pump II. | | | 

LL, is a glafs veffel. 

M, is a hole in the top of the receiver, whofe ftopple is faftned with 
a {crew. 

The next figure exhibits a ftop-cock, cut tranfverfly, that the two 
tubes CC, DD, may be the better diftinguifhed, and their infertion into the 
ftop-cock be perceiv’d. 

This inftrument is thus to be ufed: we put the thing about which the: 
experiment is to be made, into the veflel; and the receiver AA, being laid 
on the plate BB, we pour water into the hole M, till the receiver be a= 
bout half full, and the veflel LL, with the matter contain’d therein, fwims 


‘ on the top thereof ; then we ftop the hole exa@tly, and faften “it witha 


ferew. ‘Lhe key is afterwards to be fet fo, that the chink GG, may com- 
municate with the tube CC ; then the plug being brought to the loweft 
part of the pump, the air of the receiver AA, entring through the upper 
orifice of the tube CC, will flow down thro’ the chink GG, into the re- 
ceiver HH, and into the pump. Then the key being inverted, fo that the 
chink GG, may anfwer to the infertion of the tube DD, the plug isto be 
impelled upward ; when the air will be expelled from thence, and, find- 
ing no other paflage, be driven through the chink GG, into the tube DD; 
and from thence it will emerge to the upper part, through the water ftag- 
nant'in the receiver. And by repeating this procefs, we ftrain the air 
thro’ the water, as often as we pleafe; and thence know whether it ac- 
quires any new qualities, in refpe¢t of the body included with it. 

Let the receiver AA be placed upon the plate BB, and {crewed on 
to it. : 

_ CC, is the ftop-cock, faftned to the hole in the midft of the plate BB. 

DD, isa pump joined to the ftop-cock C, with a fcrew. 

E, is a veflel, fo large, that it may fluctuate in the receiver AA, without 
danger of being over-turn'd. 

Let fome animal be put into the veffel E, and let the receiver AA, be 
put upon it, and {crewed to it, as the figure fhews. Then let the pump 
be fill’d with water, and, by a {crew, be fitted to the ftop-cock ; the ftop- 
cock, being then open’d, let the plug C, be forced upwards, and the water 
afcending through the ftop-cock will, in part, fill the receiver AA, and re- 
duce the air, contained therein, into a narrower fpace, without any ad- 
dition of new air: if, then, you draw the plug downwards, the fame nu- 
merical air will be again rarified. ‘hus you may both condenfe and rarify 
the fame airas often as you pleafe ; and, by this means, you may find, 
whether the condenfation of the air contributes to prolong the life or 
health of animals. 

In our wind-gun AA, is a hollow copper globe. 

BB, a tube, faftned to the globe. | : 

f', a valve opening inwardly, and fhutting the tube BB. 

. | G, the 
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‘G,the fpring depreffing the valve. | Pueumaricte 
Hi, a gnomon affixed tka globe AA, and making faft the fpringG, “YW 
CC, a tube of iron, faftned to the tube BB, and the globe AA. 

DD, a plug exaétly fitted to the tube. 

EEE, another plug fitted alfo to the tube BB, with an iron wire, reach-~ 
ing almoft to the valve F. oer 

R, the protuberance of the tube CC, fomewhat hollowed above, to re- 
ceive the end of the iron LL. x 

LL, a crooked iron, moveable about the extremity in R, fo that it 
_ferves asa lever to lift up the plug EEE. 3 

OPO, a crooked iron, faftned in M, that the thumb refting in the angle | 
P, the reft of the fingers may attract the lever L, and fo force the plug 
EEE, upwards. But the curvature is defign’d, that the one end O, might 
be applied to the fhoulder, in aiming at a mark. ~ 

Tl'a reétangular piece of iron, compaffing the lever LL and the iron 
OPO, to keep the lever in its pofture; for, otherwife, the plug EEE, 
would be thruft far out, whilitthe air is intruded into the globe AA. 

IT, an elliptic hole, in the upper part of the globe, very well fhut with 
a valve, opening inwardly, to give liberty of infpeétion, and of amending 
what is amifs ; for the valve may be drawn through the hole, by reafon 
of its elliptic figure. 

SS, a metalline plate tranfverfly placed above the hole II, and perfo- 
rated to tran{mit the fcrew V, by help whereof the valve, fhutting the 
hole II, is fuftained, and applied clofely to it. 

Q, a hole in the lower part of the tube CC, by which the air enters in= 
to thetube, whilft the plug D, is brought to the loweft part thereof. 

The air is forced into this engine, by fetting the foot upon the crook- 
ed end of the plug DD, that it may not be removed from the ground, 
and lifting the engine upward, till the upper part of the plug comes be- 
low the hole Q; and then the air entring through the hole, wholly fills 
the tube CC. : , 

Then, by forcibly depreffing the engine, the air, contained in the tube CC, 
opens the valve F, and is thruft into the globe AA ; whence it cannot re_ 
turn, becaufe the valve prefently ftops the paflage : and thus, b repeated, 
ftrokes, we may condenfe the air in the globe, till the force Be its {pring 
cannot be overcome by our ftrength. 

If we would difcharge the air fo condenfed, the plug DD, is wholly to 
be drawn out, anda bullet to be put into the bottom of the tube CC: 
then, by means of the lever LLL, the plug EEE, is to be impell’d upward, 
as we faid before; when, the extremity of the iron-wire, opens the valve 
B, and the air breaking out therefrom, expels the bullet through the 
_ tube CC, with great violence. sat 

But before the plug DD, is again put into the tube CC, for the com= 
preffion of the air, about half. an ounce of water is to be pour'd into the 
_tube. For, by this means, no air at all can efcape out by the plug; and, 
Moreover, that water exactly filling the upper part of the tube CC, the 
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 Pxrumarres.whole comprefled air will beintruded within the cavity AA ; and fo the con= 
| ~ denfation be perfected much fooner, than if, at every turn, part of the 


comprefs'd air remain’d below the valve F. 

This engine has feveral advantages above the common wind-guns. 1. Be- 
caufe one valve ferves, both for the letting in, and difcharging the air 3. 
whence it is lefs fubje& to be fpoiled, or impaired, than if two valves. 
were ufed for that purpofe. 2. If any diforder happen in other guns, 
they remain ufelefs; but here, by the elliptic hole, we may take out the 
fpring and thevalve, and fo mend whatever is amifs. 3. In other guns, 
the valves being cover’d with leather, are put in, before the engine is clo~ 


- fed on every fide; and therefore filver-folder could not be ufed in join-. 


e 
~ 


An engine 
wherewith to 
diftil in vacuo 


Fig. 810. 


‘pneumatic engine, are to be fortified with cement; and the. ftop-cock. EE, 


ing the parts, but only lead-folder, by which, the air, being much com=. 
prefied, could, by no means, be reftrained ; but here all things are well 
cemented with filver-folder, without danger of burning ; fince the valve, . 
cover'd with leather, is put in afterwards thro’ the elliptic hole II. 4. But. 
this engine is chiefly to be preferred before others, becaufe, here we can 
put feveral bodies into the receiver, through the elliptic hole, and fo make- 
many experiments in highly compreffed air. 

We, alfo, contrived an engine, which fhould diftil iz vacuo, thus. 

AA, is a brafs veffel, fhut below, and open above.  _- 

BB, a diaphragm of tin, whofe edges are fo polifh’d on both fides, that: 
they exquifitely agree and fuit with the edges of the veflels AA, DD, which. 
are alfo polifhed, and fo keep. out the external air. . 

CC, a tube faften’d to a hole in the middle of the: diaphragm BB. 

DD, a brafs veflel, whofe aperture is applied to the diaphragm BB. 

EE, a ftop-cock faftned to the hole of the diaphragm BB. 

FF, atube reaching from the ftop-cock EE, to the hole made for fu 
ction in the pneumatic engine. 

GG, a metalline veffel, including the jun@tures. of the veffels with the. 
diaphragm, and alfo the ftop-cock, that being filled with water, it may- 
Keep all fafe from the external air. ‘This is to be folder’d to the veffel AA. 

Lo ufe this engine, we take away the diaphragm BB, and put the in- 
gredients into the veffel AA, and fet it in a convenient place, till it is to 
be evacuated ; then putting on the diaphragm BB; and. the vefflel DD, we 
apply allto the pneumatic engine, and by means. of the tube FF, the air is 
pumped out of the veflels, the vefflel GG being yet firft filled with water. 
Then the ftop-cock is fhut; and taking away the tube FF, we may place 
the evacuated engine: on the fire, when the vapours, afcending through the: 
tube CC, are condenfed in the upper veflel, and fo we have a liquor di- 
ftilled iz vacuo, "The quantity of the generated air, is known by the- 
mercurial gage H; but that muft be kept in the top of the receiver, lef: 
the mercury exhale, by reafon of the heat. * 

Round pieces of paper, perforated in the middle, are to be laid over the- 
orifices ae the veflels AA, DD, that they may be the better juined with. 
the diaphragm ; the commiffures of the tube FF, with the ftop-cock, and. 
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is fo to be difpofed with the veffel GG, that part of the key may be promi-Pxzumarice, | 
nent, without the veffel, thro’ the hole, to be conveniently turned ; never- atl 
thelefs, the ftop-cock, with the diaphragm, may be taken out of the vef- 
{fel GG, whilft the veflel AA, is to be filled with the defigned matter. 
_ And that is very eafily done, becaufe the key confifts.of two parts, one of 
which M, is turned in the ftop-cock itfelf, by means of a certain chink, 
which receives the {mall protuberance of the other part OO, that exaétly 
fills the {mall pipe NN, faftned to the veflel GG ; and being prominent 
outwardly, may eafily be turned in it, and communicate its.motions to the- 
ether part M: but it is drawn outward, whilftthe diaphragm BB, is to. 
be taken out of the veffel GG. | 

Fig. 82. fhews another inftrument, differing from the former, in that it,. 
almoft, wholly confifts of glafs, and affords a longer paflage for the va- 
ours. - 
J BB, is not a diaphragm, but a fmall. tube, polifhed at both ends, that it. 
may exquifitely fuit with the orifices of the veflels A, and D. 
AA, DD, are two glafs veffels, whofe orifices are applied to the tube BB ;. 
whence the vapours are eafily tranfmitted from the one to the other. 
EE,FF,GG, and I, have the fame ufe asin the former figure ; and the whole: 
" inftrument isto be evacuated after the fame manner, and placed uponthe- 
fire; except that here the veflel AA, as being made of glafs, muft not be: 
put on an open fire, but fet iz Lalueo Maria, or on fand ; andthe vapours. 
will be condenfed in the veflel DD: | 
(1.) Fuly ve. ¥676. I included a little piece of bread, very moift, and eshte | 
little kneaded, with a mercurial gage, iz vacuo. : (a duion of aie a ; 
Fuly 12. In fix hours time, no air was produced yefterday ; but this oredieed Gaal 4 
night, a little broke into the receiver, and fuftain’d three inches,of mercu-‘iead, 
ry ; for I had negleéted to fortify the cover with turpentine. 
Towards the evening, I found the mercury higher by about an.inch; 
and am very certain, that nothing had entred from without. 
Fuly 13. This night, alfo, the mercury afcended higher ; but my gage: 
was not exact enough to difcover how many degrees. | 
July 26. The bread disjoined its receiver from the cover, by the force: 
the air produced, and the fmell of it was acid. 
Hence it follows, that water is a fit menftruumto draw air out of bread:. 
(2.) July 11.1 tried to extract air from-bread, by the help of a burning-- 
glafs, wherewith [burnt bread iz vacuo, and found it generate much air,. 
which, ever and anon, broke out, as by fulmination ; whence it feems. 
_ probable, that air is contained in bread, but fo clofely compacted. there-- 
in, that no eafy operation can give it vent; but that if any thing could: 
diffolve and loofe that knot, it may then produce great effects.. _ 
- (3.) Sept.22.I took eight ounces. of dry’d grapes, and, with feven oun-Frow grapice 
ces of water, included them:in a receiver, able to hold twenty-two.ounces: 
of water. The grapes were bruifed. Wa: 
Sept. 23. ‘The receiver lay buried under the water all. this night, yet the- 


~mercury afcended two whole inches.. 
| Sept. 
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| Pxeumaries. Sept, 30, In feven days time the mercury rofe to the height of thirteen 


From raifins, 


From plumbs. 


From rapes. 


inches. 

Oétob. 5. In five days more, the mercury afcended twelve inches, and 
was now twenty-five inches high. 

Oéf0b. 18. The mercury continued not to afcend with the fame fwift- 
nefs, and the air began to pafs out of the receiver; but not before this 


day ; yet thefe grapes produced much more air, than thofe which I inclu- © 


ded without water. 


(4.) Fuly 12. L included ten ounces of raifins of the fun, bruifed* zz va- 


cuo, with a fufficient quantity of water, to promote fermentation. 

July 14. In two days they had produced ten inches of air. 

About evening, the mercury was fifteen inches high : the fifteenth day the 
mercury had almoft reached to its accuftomed height. : 

Fuly 16. In the morning, I found the receiver fever’d from its cover; 
and the air breaking out thro’ the water, in which it was plunged, I inclu- 
ded the fame raifins again iz vacuo. 

Fuly 18. ‘This day, in the morning, I found the air again breaking 
out. | 

Fuly 19. I fhut up the fame raifins in the fame empty receiver. 

Bh 21. Thisday I found the receiver full, and the air breaking out 
of if, 

I again fhut up the fame raifins in the fame exhautted receiver. 

July 23. Yefterday, about noon, I found the whole receiver almoft full 
of air; and this day, in the morning, perceiv’d it to pafs out very often. 

It appears, then, that grapes without water, can generate but little air ; 
whence it is manifeft, that water is a fit medium to draw air out of them : 
“Tis alfo evident that the produétion of air is not begun prefently upon 
the affufion of water, but proceeds with greater fwiftnefs, after the parts 
of the water, in five or fix days time, have more deeply funk into, and per- 
vaded the grapes. | | 

(5.) Aug. 13. 1677. I included pears in two exhautfted receivers, and 
plumbs in another. ns: 

Aug. 16. In three days time, all my receivers were filled with air, new- 
ly generated; and one of them, which included the pears, becaufe I had 
left it expofed to the fun, was, in the fpace of 24 hours, feparated from its 
cover : whence we may conjecture, that the produ¢tion of air is very much 
promoted by the heat of the fun. : 

(6.) Octob. 16. 1677. I took two ounces of grapes bruifed, and fecured 
them from the air, in an exhaufted receiver, capable of containing twenty 
ounces of water. 

Oftob. 17. ‘The mercury rofe higher about one half-inch. 

Oétob. 18. Thefe laft twenty-four hours, the mercury ran up about ano- 
ther half-inch. _ | 

Octob. 20. The height of the mercury was two inches. ‘ 

On the twenty-fecond, it was almoft four. And, on the twenty-feventh 

it was almoft fix inches. ay : 
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Jan. 2. 1678. ‘The mercury, yet, afcended not to the height of ten Preumaries: 


inches. - bo 


Oétob. 16. 1677. I put three ounces of bruis’d grapes, with half an 
- ounce of fpirit of wine, into a receiver, able to hold thirty ounces of wa~ 
ter; and then I exhautfted the air. 
Otob. 17. The mercury afcended but a very little. 

woe 18. The mercury came not up to the height of one quarter of an 

inch. | 

Ottob. 20. The mercurial gage was out of order. | 

Fan. 2. 1678. I, this, day found my receiver fill’d with air; and, alfo, 
when part of the liquor was pour’d out, fome bubbles were form’d in 
the turpentine, about the orifice, and broke outwardly. , 

' From this experiment, made in two receivers together, it feems to fol-. 
low, that fpirit of wine much advances the produétion of air ia vacuo ; 
tho’, in common air, it wholly hinders it. 

(7.) Fuly 19. 1678. I put muft, expreffed from grapes bruis’d, and kept From mut. 
for ten months in a veflel, ftopp’d with a fcrew, into the fame receiver, 
being alfo ftopp’d with a fcrew. | 

Guly 21. ‘The mercury had not afcended at all. 

-234. The height of it was three. 

_ 24th. The height was five. | 

25th. In the morning it was an hundred and four. © 

Towards the evening, the height was an hundred and thirty-feven ; and 
the muft got out. : 

26th. ‘The muft was almoft all got out of the receiver; and altho’ the air 
now poflefs’d double the fpace it did yefterday, yet it kept up the mercury 
tothe fame height. | 

27th. About half of the remaining muft broke out this night, becaufe 
I had omitted to fet the fcrew, left the receiver fhould be broken. 

From this experiment it follows, that grapes, kept for fo long a time, 
rather acquire, than lofe a fermentative virtue. 

(8.) Fan. 30. I put two quantities of apples, boil’d the day before, into Evm apples 
two receivers, ftopp’d with fcrews; with one of them I mix’d a third pare 
of fugar, the other had no fugar at all. "Thefe receivers were quite full. 

Fan. 31. 1 included raw apples, bruis’d, in three receivers ; in one of them: 
I mix’d a third part of fugar; the fecond was without fugar, and fo was 
the third; but it differ’d herein from the fecond, that it was fix times as 
big: for, by this means, we may know, whether the capacity of the vef= 
fel, or the mixing of fugar, or the crudity of the fruit, can promote, or 
retard the production of air. 

Febr. 10. In that receiver, only, which contain’d the raw apples, with fu- 
gar, fome air was produc’d. 

Febr. 14. The raw apples, with fugar, had impell’d the mercury up to 
thirty inches; thofe that were boiled with fugar, to two only ; in the 
other receivers no air was produced. 


Febr. 
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Febv. 18. In the receiver, containing the raw apples, with fugar, the 


mercury camie to the height of fifty-fix inches ; in that containing the boil’d 
apples with fugar, the height was three: in the other receivers, there was, 


alfo, fome air produced, except in that wherein the boiled apples, without — 
fugar, were put. I open’d that receiver, in which the apples had produced 


fo great a quantity of air; yet the apples feem’d hardly to be fermented, 


but had a moft pleafant tafte. | | 
Febr. 21. ‘Vhe boil’d apples, without fugar, had loft fome of their juice ; 
-and, opening the receiver, I found the cover broke, and yet the apples — 


were not at all rotten. 

March 1. In the great receiver, containing the raw apples, the mercury 
was twenty-five inches high; in the little one, only feven: but in that 
where were the apples boil’d with fugar, the mercury had afcended to nine 
“iniches. i : 

March 8. In the great receiver, the height of the mercury was twenty- 
nine; in the lefler, twenty-two and a half; and where the boil’d apples, 
with fugar, were, the altitude was nine inches. : 

March 17. ‘The juice got out of the great receiver ; in the little one, the 
height was fixty-feven ; where were the apples boil’d with fugar, it was 
fifteen inches. apt 

From this experiment it feems, that fugar, the crudity of the fruit, and 
the largenefs of the receiver, all contribute to the produétion of air. 


Several waysto 9.) December 21.1678. I made pafte of wheat-flower,without leaven, and 


binder the pro- 

auction of air; 
afor inflance; in 
sPAstes 


put it into an exhaufted receiver ; then I put the receiver in an apartment, 
with a fire, which there kept a greater heat than is ufual in the middle of 
fummer; yet the pafte produced no air in ten hour’s fpace: whence it 


feems to follow, that if dough hath once fuffer’d too much cold, it can 


{carce recover its faculty of fermenting; for, fome years ago, when I 


-made dough without leaven, in the f{ummer-time, it foon produced very 


much air iz vacuo. 7 | 

(10.) May 23. I included three ounces of dough, kneaded with leaven, in 
a receiver, capable of holding fifty ounces of water ; I, alfo, pour’d upon 
it fome quantity of f{pirit of wine, to try whether fermentation would be 
hinder’d by that means. | | 
May 24. The mercury was three May 29. No change. 


_ inches high. June 2. It feem’d to have afcended 
26. Little change. a little higher. 
27. No change. ; 14. No change. 


December 14. No more air being produced from the dough, I took it — 


out of the receiver, and found the {mell of it not grateful, but inclining 


ne 


-_- 


to acid: I put it into an empty receiver, and there it {well’d to double its © 


ufual fpace, and made a little ebullition. 
May 23. I included three ounces of dough, kneaded with leaven, in a 


receiver, able to hold fifty ounces of water ; but here I mixed no fpirit of 
wine. 


May 
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May 24. Lhe mercury was nineteen | May 26. ’I'was 38 inches high, Prrumaricss 
ew mehes and a half high. _ 27. There was no change. oat 
_ December 14. The mereury continued at the fame height ; and, this day, 
opening the receiver, I found the dough had a very acid {mell. 

From this experiment it feems to follow, that fpirit of wine, even in 
dough kneaded with leaven, hinders the production of air. 

(11.) Auguft 29. L included pears, with a mercurial gage, iM a receiver In pears 
full of water, and then intruded air into it, till the mercury refted twenty- 
fix inches higher than ufual ; within a quarter of an hour, one of the 
pears was broken, and, afterwards, almoft all of it reduced to pulp. 

Aug. 30. In twenty-four hours fpace, the pears feem’d to have afforded 
‘no air; but, on the contrary, the mercury in the gage was deprefied an inch 
and a half. 7 

Aug. 31. I found no change in the height of the mercury. 

Sept.1. The pears began to produce air, and the mercury was almoft 
twenty-feven inches high. 

Sept. 2. In twenty-four hours time, the mercury afcended more than 
eight inches ; and now “twas thirty-five inches high. 
 Sept.3. The height of the mercury was increafed feventeen inches; fo 
that now it was about fifty-two inches high. 

_ Sept. 4. Within twenty-four hours, the mercury rofe feven inches high- 
_ et, and then refted at fifty-nine. | 

Sept. 5. It was fixty-four inches high; anda pear, being broken, was 
‘become black. : | 

Sept. 6. Three inches, and more, being added to the height of the mer- 
cury, it came now to fixty-feven inches, and one fourth, beyond what it 
was accuftom d. ) | 

Sept. 7. It defcended three inches, and refted again at fixty-four. 

Sept.8. The mercury was depreffed to fifty-eight inches ; and fome of 
the water having broke out, I fet the receiver with a ferew. 

Sept. 9. The mercury afcended full three inches, and was now fuf- 
pended above fixty-feven. ) | 
_ Sept. 10. In twenty-four hours it mounted one anda half, and ftopp’d 
~-almoft at fixty-nine. 

Sept.11. Now it began to defcend again, and ftood no higher than 
fixty-feven inches; yet, I am certain, nothing had efcaped out of the re- 
ceiver ; but it wasa fharp cold night. 

Sept. 12. No change happen’d. an 
"+ Sept. 13. The height of the mercury again decreafed, and it was not 
above fixty-four inches. The cold increafed., 

Sept. 14. In twenty-four hours, it became higher by fix inches, reaching 
to feventy. 

Sept. 16. It was about fixty-nine | Sept. 20. It again afcended to 71. 

inches high. 23. Lhe mercury was again de- 
19. It remained the fame. _ prefled to fixty-nine. 
_ O&fcb. 1. It came to the height of peeve inches, 
| ) Ddd 
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Oftob. 3, Yefterday I found no change at all in the mercury ; but to-day | 
it refted at feventy 5 and the cold was very fevere. . | 
Oétob. 5. Yefterday the mercury remain’d in the fame place; but this 
day it reach’d to feventy-five. It was a rainy day. "7 
~ Offeb. 7. It continu’d rainy; and. the mercury continu’d at the fame 
height. F 
Ottob. 1o. Hitherto the mercury was not changed ; but this day I found 
it had defcended to fixty-nine inches; tho’ the rain ceas’d not. : 
Offob. 12. Yefterday the mercury ftood fill; but this day it was de- 
prefs’d to fixty-five inches; and the cold weather return’d. (ae 


Ottob. 13. The height of the mercury ; Nov. 5. ‘The height was eighty and 


was fixty-four. a half. ‘The cold abated. 

14.@ The height [fixty-nine. 22. The height was fixty-five. 

15. was feventy-four. It was a hard froft. 

24. The height was fixty- 27. The height was fixty-eight. 
eight. It was a cold It thaw’d. 3 
feafon. Decemb. 6. The height was fixty-one. 

Nov. 2. The height was fixty-four. It was a very fevere 
The cold increas’d. froft. | 


From this experiment we may learn, that fruits, ina great compref- 
fure of the air, cannot produce fo great a quantity of air ; for when I made 
an eftimate of the quantity of the fruits, and, of the {mall fpace to be 
All’d with air ; I found that quantity of air was not one eighth part of what - 
had been produced’in a large empty receiver: tho’ the coldnefs of the water 
might, alfo, hinder the generation thereof, as the following experiment 
will fhew. 

Tis farther manifeit, that the air is produced by ftarts, and, as it were, 
by reciprocations; as all. bodies, in motion, by the force of their gra~ 
vity, or of their fpring, are carried beyond their point of reft, and fo 
make many vibrations, or returnings. And tho’ cold and heat are not the 
fole caufes of fuch reciprocations, yet they feem to contribute much 
thereto. | . 

(12.) Feb. 22.1677. I included ten ounces of pafte in a receiver, that 
would hold twenty-two ounces of water; and, afterwards, I thruft as 
much air into it, as fufficed to fuftain feventy-three inches of mercury, 7’ 
befides the wonted preffure. In two hours fpace I perceived no fenfible 
change. 

Felr, 23. In eighteen hours time, the mercury rofe feven inches only, 
its height being eighty. reach: sath 

In fix hours it afcended three ; and its height was eighty-three. 


Febr. 24.1: {go | And water feem’d to be exprefs'd 
25. OE GF out of the mafs. | 
gel SIts height was < TOL | March 2.2 +. 1. 120 
27s 6 TOS EE. vay, t Its height was 12° 
eke © | 1074 | 3+. . | | 
March +. i) ae 405. Itxemaind at 121- 


March 


; . els! 
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March 8. During thefe two or three laft days, the froft breaking, the Psevaca ries. 
mercury ran up four inches; and, the height thereof was one hundred * ; 
and twenty-five. 
March to. Yefterday, the mercury remain’d at the fame height ; but, 
this day, mounting fix inches, it refted at one hundred and thirty-one. 
March 21. The cold continuing long, no air was produc’d; but, in the 
three laft days the mercury afcended feven inches, and remaind at one 
hundred and thirty-eight. 
April 4. Yefterday, the mercury had afcended, but I deferr’d meafuring 
the quantity, till to-day ; in the night, one of the iron wires, that ftraitned 
the receiver, was broken, and the receiver thrown to the diftance of four 


or five foot. 


Hence we may conje€ture, that the compreffion of the air, very much 
hinder’d the produétion thereof; for, that is ufually perform’d, in paite, 
in two or threedaystime. Cold, alfo, much hinders its production. 
(13.) March 1.1677. I included two ounces of bruifed raifins of the fun, In raisins and 
- with fix ounces of vinegar, in a receiver ; upon which, numerous bubbles "4" 
broke out. | 
March2. The mercury, in twenty-four hours fpace, afcended not to the 
height of half an inch; yet, fome bubbles ftill appear’d. 
March 25..'The vinegar always appear’d inter{pers’d amongft fome of 
the bubbles; yet, the mercury afcended not to the height of one inch. ; 
Hence it appears, that vinegar hinders the production of air and fer- 
mentation; for, raifins, of themfelves, afford much air. 
(14. April 7. Lincluded ten ounces of pafte, in a receiver capable of Ir pales 
holding twenty-two ounces of water; afterwards, I intruded as much 
air into it, as fufficed, to fuftain one hundred and twenty-eight inches of 
mercury, befides its accuftom’d height. , } 
In fix hours time, the mercury rofe four inches, and refted at one hun~ 
dred and thirty-two. : ) 
April 8. In fixteen hours the mercury ran up nine inches higher, and : 
ftaid at one hundred and forty-one. : 
Nine hours after, the mercury manifefted no change. | 
April 9. In the morning, I perceiv’d fome air had broke forth, and the 
‘mercury was deprefs'd to one hundred and thirty inches; therefore, I 
{ferew'd the receiver tighter, and thruft in eleven inches of new air: the 
height was one hundred and forty-one. 


Apr, 10. 151 | Apr. t4.) - 183 
11.€ The height J158) 15.( Theheight _)183 
12. was 168] . 16. was 187 


/: 13. 4.176 ape 191 
April 27. For eight whole days the mercury kept its ftation; but, on 
the two laft, it afcended feven inches, and continu’d at one hundred and 
ninety-eight, above its wonted height. | 
- April 30. The mercury perfifting at the fame height, I eafed the fcrew, 
fo that fome air might break -out ‘rae when the. mercury had fo 
“s od: 2 yo beak ec rt vine 
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Paroxarics. far defcended, as to exceed its accuftom’d height, only fifty inches, I pre~ 
fently fet the fcrew ; to fee, whether, that remiffion of the {pring of the 
air, would afford any place for new air to be generated ; and, in two or 
three minutestime, I found the mercury to have afcended, fenfibly higher. 

Three hours after, the mercury was found twelve inches higher; for it 
came to fixty-two. | | 

In five hours, it afcended one inch and a half. 

May t. In fifteenhours, the mercury rofe, only, one inch. 

May 3. Yefterday, it appear’d at the fame height, but this day,” twas 

higher, by one and an half, and remain’d at fixty-fix. 
_ May 4.'The mercury was not chang’d, and, therefore, I fuffer’d all the air 
to efeape ; but, I could not quickly fet the fcrew: whence it is probable, 
that very much air, which, at that time, was produc’d, got out of the re-. 

, ceiver; neverthelefs, after the receiver was again well ftopp’d, I perceiv'd, 
that two inches of air, and more, had been produc’d in Ave or fix minutes 
time. | : 

May 7. The mercury, in three days, again amour ted two inches. 

May 8. ‘The mercury was higher by half an inch. 

May 11. During thefe two laft days, the mercury, again, ran up. half 
an inch. I fet this mafs, almoft unfit, as it feem’d, to produce air 7m vacuo ; 
when, in five minutes {pace, the mercury afcended to the height of one 

ch. 

May 21. It afcended not quite three inches. 

May 30. The mercury refted at the height of four inches and a half. 

By this experiment, it appears, that all the air producible from pafte, 
may, after a fort, be generated in a great compreffion ; yet, it is fome- 
what reftrain’d thereby ; for, in alefs compreffion, it willfoon break out. 

Hence, alfo, wefee, that air is producible by ftarts ; and, that it rifes 
more flowly in comprefs’d than in free air: for, fuch a produétion in the 

| latter, is ufually over, in two or three days time. bee! 
Plumbs and ae (15.) uly 30.1677. 1 included plumbs and apricocks, many of them be- 
| Bcorks Jn arti-ing firft cut afunder, in a receiver, and, afterwards, as much air, produ- 
eo Sto . . ° . 
ced out of cherries, as was fufficient to fuftain fixty-four inches of mer- 
cury. | 
“Augup 1. The fruits had produced no air, but grew yellower than thofe 
which were in common air. 
Auguft 3. The mercury rofe a little higher, and the apricock, which re- 
main’d whole, feem’d fullof drops, like water. : 
Auguft 7. ‘The whole apricock grew fofter ; the mercury ftood, at fifty- 
nine inches above its ufual ftation. eras 


Ang, 8. 61 | Aug. 13 Whipes 78. 
9. The height 65 ae 3 were 3 80 
10o€ of it, was )71 DS Ses 80 
11 74 16 and, the days following 


it remain’d at the fame height. 
24. ON te a of it was feventy-feyen ; tho’, I certainly knew, that 


nothing had iflued out of the receiver. 29. Find- 


Phy fico-mechanical Experiments, 372 

29. Finding, neither the fruits, nor the height of the mercury, changed Pxzemarics — 
any more, I open’d the receiver, and perceiv’d, that the apricocks had kept 
their colour, very well; but the flefh of them was fpongy, and their 
tafte inclining to acid. Many bubbles had broke from them, at the time, 
they were freed from the furrounding preffure. : 

Fuly 30. 1677. Lincluded the halves of the fruit, juft mention’d, in a Phonbs and a- 
receiver full of common air; and, with them, others of the fame Bind, brieks fe gem 
uncut. 

Fuly 31. The mercury had gain’d the height of eight inches. 

Auguft i. At fix a-clock, in the evening, the mercury was twenty-one 
inches high; but, in the other receiver it remain’d unmov’d. 

Anguft 3. They kept their firmnefs much better than thofe included 
with artificial air. ‘The height of the mercury was thirty-five inches. 

_ Augu(t 4. The height cf the mercury was forty-two inches. 
_ Auguft 6. ‘Che whole apricock, feem’d not ar all alter’d. The height 
of the mercury was fifty-feven. 
Aug. ze The height £81 | Axg. As The height § 113 
| 8 of it, was 935 | 1o$ of it, was 124 

The colour of the whole apricock, yefterday, began, and now proceeded 
to grow yellow. No moifture appear’d. . 

Aug. 11 The height $5 | Aug. 15 The height £ 171 
157 16 of it, was I7I 
163 17 and, the days following, it 

' remain‘d at the fame heig ht. 

Auguft 27. ‘The height was one hundred and eighty-two. 

Auguft29. When, neither the fruit, nor the height of the mercury 
changed any more; I open’d the receiver, and found the apricocks of a 
more acid, and lefs grateful tafte, than the others, in fatitious air; tho 
their pulp was of a very good colour, but {fpungy: they alfo yielded many 
bubbles, as did the others. . i | 

Hence, ’tis probable, that the artificial air of the cherries, greatly hin- 4 
dred the apricocks from producing air ; tho’ it promotes the alteration of : 
their colour and firmnefs ; and, alfo, ferves to preferve their tafte. 

(16.) O€tober 10. 1677. I included an ounce and an half of bruifed, un- Grapes tu com? 
ripe grapes, in a receiver, that would hold ten ounces of water ; and mow air. 
drew out no air. | . | 
_ , OfFob. 11. The mercury afcended]} 21. The height was four and an 

a little. half. . 
12. Therewas buta {mall change.} 22 The height remain’d. the 
13. ‘The height was half an inch. 23¢ fame, but the mouldinefs 


17. The height was one inch. 24) encreafed, | 

18. The height was one and an half. 26 ee 

19. The height was, almoit, four. 27€° The height Jo : 

20. The height the fame; but 30 was 6+ 
fome mouldinefs appear’d on | Nov.2 | re 


their fuperficies. 
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PREUMA TICs: Nov, 6° Co} Now. 18° ae 
UNS Bic: sacri "2 3 
9> The height was 124 Dec. 8> The height was <36}) 
T2N rs} : 2G os 
7 39 


14 an 7 27 
eyes ‘tan. 6. 1678. The height was 36. ‘The air broke out. 
Aint of vine, Oétob. to. 1677. I made the fame experiment in another receiver, ob- 
ferving the fame circumftances ; only here I mixed two drams of fpirit of 
wine with the grapes. a 


Offob. 11. The mercury was not | Of. 17. It afcended a little. 
changed. Coat 78. The height of it was not 
12. There was no change. yet a quarter of an inch. 
r 13. The mercury was not mo- 19. It was moved but a very 
ved. | little. ! 


“an, 6. The gtapes, during all this time, had produced no air. 
| Whenceit appears, that ipirit of wine hinders fermentation. 
Apeabiaan  (17.) Otob. 17. 1677- I.put a peach into an exhaufted receiver, with 


> 


tig Me part fome quantity of fpirit of wine, which could not touch the peach, unlefs 
of wine. in vapour. ; , . ! 

March 27. 1678. I took out.the peach, which had’kept ‘its colour, 
but loft its firmnefs. Though the receiver was {mall, yet it was not 
filled with air ; for when open’d, the air feemed to rufh into it : the peach 
being foftned, was {0 deprefied, that the lower part of it touch’d the fpi-_ 
rit of wine; the fuperior part, alfo, had contracted the tafte of the fpirit 
of wine, as well as that which was immerged init. ee: 

Geastes in ain =~ (18.) OFFob. 17. I included five peaches in an unexhaufted receiver 5 
with fpirit of} and with them, fome fpirit of wine, which could not touch the peaches, 


RERUN x . ; Mg 
unlefs it were elevated in vapour. 


Offob. 18. 'The mercury afcended not Nov. - 6¢ The height $14 
at all. | 12§ of it was C16 
so. The height of the mercury ree kept the fame 
was 3 3 16§ height. : 
az 53 | De. 8) The height §°° .. 
eh The height : : 1 roe of it was otek 
26\ ef ee , Yan. 6. 1678. it was 23. 
Nov, 2 12 March 28. 1678. it was 31s | 
Pembesin air,  Oltob, 17: L included five peaches in a receiver full of common alr, 
wit I uf without fpirit of wine. as 


Ofob. 11. The mercuryafcended not at all. 
Offob. 20. The height of the mercury was five inches. 


it 
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Oltob. 21 8 5 Nov. 12 20 «© Pwrumaries, — 
22 f 10 14 20 SYA 
23\, The height Jrr 16\, The height Jar 
: -26( 25 of kh was 12 Decemb. 8f of it was ‘26 
Nov. 2 15 | 16 26 + 
6 z| 27 Lotsa a 


Sfan. 6. 1678- The height was 32. 

March 28. 1678. The height was 33 4. 

April 15. The liquor in the lower part of the receiver, had all broke 
out, and the air followed it ; then I took out the peaches. 

Hence we learn, that the very vapour of fpirit of wine, fomewhat hinders 
~ fermentation ; yet much lefs than the fpirit itfelf. | 

(19.) April 27.1678. T included an ounce and a half of pafte, mixed with Pafte with lea 
leaven, in a receiver full of common air, able to hold twenty-three ounces Ji” *@ «mmsn 
and a half of water. _ 

April 28. The height of the mercury in the gage was two and a half. 

April 30. The height of it was three and a quarter. 

May 4. The mercury was deprefled, tho’ no air broke away, and the 
pafte was mouldy. ‘The height of it was two and a half. : 


May 6 24% | May 17~ Ge 
8(. The height 3 20(. The height )s 
ro( of it was aE 24{ of it was 6 
14 a 28 : 8 
june Z The height 9 Fuly 5 The height 433 a ait a ee : 
. ry of it was maN 19 of it was I§ . 


” April 27. 1678. I included an ounce and a half of unleavened patte, with ? se 


common air, in a receiver, capable of holding twenty-three ounces and € mou air. 
half of water. aE 
April 29. Hitherto the mercury had not afcended ; but this afternoon it 
rofe a quarter of an inch. 
April 30. "There was no change. ; 
May 4. ‘The mercury afcended but very flowly, and the pafte was 


mouldy. 
May 6. The height of the mercury was four inches. 
May 8 Cees day ae ly 
a > The height : gy June a The height a me 
4 ofitwas 4: 6 of it was i 


20 + 1 25 
Hence it feems, that leaven rather hinders ze forwards the produ@ion 
of air, if the pafte be not made in a hot place. 
(20.) May 23. L included an ounce and a half of unleavened pafte, in a pafte with foirit 
receiver capable of holding twenty-five ounces of water, and pour’d fpirit of #ae | 
of wine upon it. 


May 
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May 24. The mercury was one inch high. | 
May 26. It was almoft two inches | Fane 2 . 3. 
high. | 6 The height of it was< 4 
27. It was two and a half. lo Pg 
31. There was no change. July 19 No change. © 


Decentl. 14. When the height of the mercury alter’d no more, I open’d 
the receiver, and found that the pafte had an acid {mell. 


May 23. I included an ounce and a half of unleavened pafte, ina re- 


ceiver, capable of holding twenty-five ounces of water ; but added no fpi- 
rit of wine. | 


May 24. The mercury afcended not. 
~ May 26. It was three inches high. 


May 27° ye | Fune 6 17 
28 + 10 >The height of it was<22 

"29 >The height of it was<7 | July 4) _ 30 
Phe ig git 19 The mercury a little ex- 

Fune 2) uf 12 ceeded thirty inches. This 


‘day the air broke out, and, therefore, I fet the {crew. - 


Decemb. 14. ‘The mercury return’d to the height of fifteen inches; when, 
I open’d the receiver, and.found the pafte very acid. / 


Hence it feems to follow, that fpirit of wine greatly obftruéts the pro- | 


duction of air; and the more, if the pafte be fermented; and that unfer- 


mented pafte will, in tract of time, produce no lefs air than that which is 
fermented. : : 


New ale inclu. 


re ee (21.) Oftob. 11. LexaGly fill’d a receiver with new ale, fo that no air . 
‘might be left; and included another quantity of the fame in another re- © 


ceiver, wherein fome {pace was allow’d for the air. 

Oétob. 12. ‘The cover of that receiver, which contain’d fome air, was 
broken ; and, therefore, I pour’d the fame ale into another receiver, where- 
in there was room enough left for the air: in the receiver, exaétly fill’d, 
the mercury afcended a little. 

Ofteb. 13. In the receiver, exactly fill’d, the heis ht of the mercury was 
twelve inches ; in the other, thirteen inches; tho’ it had been fhut upa 
Shorter time, and a much larger {pace was left, whereinto the air, newly 
produced, might have been dilated. ie 

Oétob. 14. In the full receiver, the height was thirteen; in the other, 
eighteen. ‘Towards evening, the full receiver work’d the fafteft; for 
the height of the mercury in it was twenty-two; and in the other but 
twenty. 

Ottob. 15. In the full receiver, the height of the mercury was 
forty-two; in the other, twenty-fix. And fome bubbles of air, 
which, in the full receiver, had pofleffed its upper part, wholly va- 
nifh’d ; and the ale poffefled a long ipace, in the mercurial gage, wherein 
it was not found before. | | 


| | . O&tob. 
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Oéfober 16. In the full receiver, the height was oo inches. ~ PuEUMATIGge 
Tn the other 30. AVN 
r8. In the full receiver, the height was go. 
In the other 40. 
22. In the full receiver, the height was go. 
In the other 42. 
23. In the full receiver, the height was 108. 
In the other 50. | 
26. In the full receiver, the height was 108. 
In the other 60. 
28. In the full receiver, the height was 133. 
In the other 63. 
‘The bubbles appear’d again, yet nothing flowed out. 
Nov. 8. The full receiver loft much of its liquor; wherefore, I opened. 
it; when, all the ale feem’d as if it would have vanifh’d into froth, unlefs 
I had fuddenly ftopp’d the little hole, that gave it vent. Imany times _ ¥ 
tried, that, if the hole were opened in the gage, the mercury would pre- a 
fently defcend ; but, if the hole were again. ftopp’d, it would {peedily af- | 
cend. ‘The ale had a moft pungent tafte. 
Nov. 9. I opened the other receiver, and obferved almoft the fame 
things. 
rence it feems to follow, that ale, if the air. be wholly excluded from 
the containing veffel, will ferment more flowly, than if fome air be left 
therein; and that, in time, it makes a greater compreffion, if no room be 
left for its dilatation. | 
(22.) Fune 27. I put green peafe into an exhaufted receiver, with {pirit Peale, witb fp- 
of wine.” Towards the evening, the receiver feem’d to admit the’ external "mim" 
air, and the mercury rofe to the height of eighteen inches, when I clofed ceiver, 
the cover. with turpentine. 
une 30. T perceived no more change in the height of the mercury. 
“uly 7. No air was produced, even in the moft vehement heat. 
“une 27. I put other peafe into an exhaufted receiver, without {pirit of Peafe without 


* ° ry 2 : ° ; it ; . 
wine. ‘The receiver, and the quantity of the peaie, were the fame as in a ie 
the laft experiment. veces UEr 


Sune 28. The receiver was full of air; tho’, 1 think, it was:not exatly 
fhut ; and, therefore, I again included the fame peafe. ‘Towards evening, 
the height of the mercury was five inches. 


une 29 ro | Fuly a : ; Se 
: 30> The height of it was a rr het as €30 
Fuly x 19 | 

Fuly 8. The air got out of the receiver. 
agers it appears, that fpixit of wine hinders the produCtion of air in 
ecale. 
; (23.) Sune 9. 1677. 1 put cherries into an exhaufted receiver, and in fix pe Sf 
hours time the- mercury came to the height of five inches and:a half. differ frore thofe 


of the commony 


. Shewn in chere 
V ot, II. Eeee June vies 
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Pxeumaries: une 20. The mercury afcended three and a half. ‘Towards the evening 


it was two. 
The afcent is here always to be underftood, as added to the former. 
ine is saute : 2 | Sune 26 3 
23 >The afcent was <2 The afcent was : 
24 | ir : Ad = 
Heh, a a BN, 
july x 3 | Ful at 52> 
2~> The afcent was <4 55. The afcent was 4 3 


3 | 2 , 
The height was forty-eight. But, tranfmitting the air into another 
receiver, the mercury was deprefled to thirty-five inches. - 
»  Fuly 6. The afcent of the mercury was four inches, in one night’s time. 
7. The afcent of it was five and a half in twenty-four hour’s time. 


3. 5. 
9.2 The afcent of it was <5. 
To. 6 


11. The afcent of it was twelve, in the fpace of thirty-four hours. 

12. The afcent of it was feven. 3 

13. The afcent of the mercury was three; the height about ninety 
two inches: but the air being transferr’d into another re- 

| ceiver, the mercury refted at fifty. Se tae 

ae The afcent was 4 re | ee The afcent was $ fe 

38. The afcent of the mercury was 9; the height of it 102. 

19. The height of the mercury was 92; for I tranf{mitted part of 

+ the air inte.another receiver... 

20. The afcent of the mercury was 15. sbi 

22. Some air got out, and the height of.the mercury was 63 +. 

23. The afcent of it/was 12 =. 

24. The afcent of the mercury, was 4; the height of it 79 inches ;. 
but the air, being tranfmitted into another receiver, the mer- 
cury refted at 62. apie ‘ 

mu The afcent was Oy | a t The afcent was $4 

30. The afcent of it was ten, the height ninety-eight. Part of the 

air being tranfmitted into another receiver, it refted at fixty- 


four: | 

3I.7 — €6.. 
Aug. 1.>The afcent of the mercury. wass 9-- 
, 2 Ae 


3. I tranfmitted the air into another receiver, and the mercury re- 
main’d at fixty-eight. ' : 
4. Etranfmitted the air again into. another receiver, and the mer- 
eury refted at fifty-four. 
| 6.. Lhe 
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| a afcent of the mercury was) 


8. There was no afcent. 
| 9. ‘The afcent was three inches. 

The receiver being opened, I found the-cherries of a whitith colour, and 
of very little tafte, tho’ not ungrateful; their fleth was fpongy. 

Hence it feems to follow, that cherries contain much air, and that they 
produce it very irregularly. t 

(24.) Fuly 13.1677. I put cherries into an exhaufted receiver ; and 
then tran{mitted into the fame, as much air, produced from other cher- 
ries, as fufficed to fuftain fifty inches of mercury. | 

Fuly 15. Yefterday, the mercury had not afcended at all; but this day 
it was two inches higher ; that is, twenty-two, above its wonted ftation. 

Fuly 16. The height of the mercury was twenty-three and a half. 
July 17. The height of it was twen- was forty-five. More air 


ty-five. | efcaped. 
26. ‘The height of it was for- 30 The height of it was fifty- 
ty-three. Some air got }: _ two. aay 
FE ST APE a | » 34. The height of it. was fixty- 
29. The height of the mercury one inches. 


Augufi t. The height of the mercury continued nearly the fame, tho’ 
the air broke out. | 


Fh ie 


Preumarics. | 


Auguft 27. The air, having been all broke away for fome time, I took | 


-out the cherries, and found them not to have’ loft their:colour, as in the 
former experiment: they had contracted no putrefaction, nor mouldinefs, 
_ but tafted a little more acid than ufual ; and being open’d, there were ma- 
ny cavities in their flefh, as in fermented pafte, or dough, but not quite 
fo thick. i 

From this experiment, compared with the former, it may, probably, be 
inferred, that in artificial air, fruits produce lefs air, and {o the better 
preferve their colour and tafte ; for the cherries, in the former experiment, 
remained in the receiver, not much longer than in this. 


(25.) Septemb. 10. 1677. 1 put fix ounces of unripe grapes into a recel~ Grapes comm 
ver, with common air, capable of containing twenty-five ounces of water ;7"*" 


and ftop’d it firmly by means ofa fcrew. 
September 11. Vhe mercury afcended not at all, | 
Sept. 12. The mercury ftop’d a little below one inch. eas 
5 Sept. 18° 16 


Sept. 137 37 
14 ij | 19 | 18 
15 Io 20 >The height was <20 
16 UR eae | 21 , p22 
17 wipe toy # uid 22 var saameeng. = 
September 23. ‘The height of it was 27. ‘The grapes were not al- 
ter'd. 7 


September 24. ‘The height was 30. 
25. The height was 31. 


The grapes began to grow yellow. 
Be ees 


Septem. 


a 
; 
‘i 
} 
? 
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— Prnomaries. Septemb.26U The height -§ 32 | Sep. 29 QU The height § 35 
SYN 275 of it was 034¢ = | 30 t was 35 
October 1. The height remained at 35. 


Offtob. 2.) Offob. 10% The height was £35 
so The height was 36 — 35§ The height was 0325 
6 t, 


The air got not out, but the cold began, and increafed. 
Novemb. 9. The height remained the fame. 
Deceml. 19. Almoft all the air efcaped. | 
Decemb. 20. Itook out the grapes, and found by their {mell and their 
tafte, that they had contraéted fome mouldinefs, tho’ not difcernable by 
the eye. They were more firm than before. 
Grapes infati- 26.) Septemb. to, 1677. I included two ounces of crude grapes in a 
tis aire» yeceiver, capable of holding eight ounces of water ; and to the common air 
added air produced out of pears, till the mercury refted ten inches above 
its ordinary ftation. 
Sept. 11. ‘The mercury defcended, and its height was eight inches.’ 
Sept. 12. The height of it was 11. the afcent 3. | 


Sept. 13 @ The height 5] 16 Sept. 15 2 The height £ 23 
14 § ofit was 20 16 $ © was + 24 - 
Sept. 17. The height was 28. ‘The grapes turned yellow. 
Sept. 18 29 Sept. 22 t The height § 35 
a9 € The height 30 23 § of it was 20 
20 of it was 3: | Some air had broke out; and the 
QI €' 33 || grapes were of a yellow colour. 


Sept. 24 2 The height of the 5] 25 
25 mercury was 22 
26 The height almoft the fame. 


27 22 
29 © Theheight of itwas < 27 
| 28 


O 
Oftoh, 1. and 2. The height 28. 
Oftob. 5 % ‘The height s 30 | Oétcb. 10 i The height § 31% 
Webi was 31 | 13 was 31 
Novemb.9. The height was 13. Some airhad got out. 
December 19. The height of the mercury was 20 inches. 
Decemb. 20. I took out the grapes, and their fmell and tafte were 
more erate than of others; their firmnefs rather increafed, than dimi- 
nifhed, | | 
Hence, fadtitious air feems fit to alter colour, and to preferve tafte ; but 
the. firmnefs might be increafed here, as in turpentine ; the fpirits, in time, 
being exhaled. ~ . 
Oranges in come (27.) July 18. E took two pieces of orange, and, by the help of a. ferew, 
ed We fatti- ftopped them clofe up ina receiver, with common air 5 when, into the fame 
is ai» —_-yeceiver, 1 put air, produced out of sherries, as much as fufficed to fuftain 
12 


OO 
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x2 inches of mercury. At the fame time I put a piece of the fame orange CD 


into another receiver, with common air alone, and uncomprefs’d, . 

Fuly 20. The orange in the common air began to contracta mouldinels ; 
but the other feemed not at all alter’d. 

uly 23. The mouldinefs of the orange, in the common air, increafed ; 
the other piece remained found. 

July 16. The orange, in the common air, did not increafe its mouldinefs, 
but feemed wholly rotten: the other alfo began toputrefy, but remained 
free from mouldinefs. : , 

Aug. 1. Perceiving that the oranges were no longer fenfibly changed, I 
open’d the receivers ; and tho’ the air, wherewith I had mix‘d the artificial 
air, was fo compreffed in its receiver, that it could not now fuftain twenty- 
fix inches of mercury above its wonted preffure, yet the fruits were far 
better preferved in it, than in the other; only the-fuperficies feemed to 
have loft its juice; but all the inner parts, with the rind, were very well- 
colour’d, well-tafted, and firm: in the other receiver, the whole orange 
feemed almoft rotten, as well as the rind. ‘he orange was more corrupted 
in the compreffed air, becaufe, as it feems, no faétitious air had been 
mixed with it. 

It feems worth obferving, that the fame air, generated from cherries, is 
apt to produce different effects, upon fruits of a different kind ; for here it 
retarded the alteration of colour and firmnefs, which, whenI included 
air with apricocks, it accelerated. 

(28.) July 20. 1676. I included a fmall piece of beef in-an exhaufted Belin ht 
receiver, and put as much air, produced from cherries, into it, as fuftain’d i 
27 inches of mercury. 


Fuly 21 . 


Ht - The mercury remained almoft at the fame height: 


25 
 Fuly 26. The beef had removed the receiver from its cover ; and becaufe: 
it was very fetid, we threw it away. 
Fuly 20. 1676. I put a piece of beef into a receiver full of common air, Beef ia commen: 
and carefully ftopp’d it in, by means of the {fcrew. Bie 
July 21. The mercury had not at all afcended in the gage.. 
July 22. The height of the mercury was one inch.. 


23 rt 
25( The height of i rk 
26 it was 14 + » 182 


6 In the evening 4 oat 


27 : 
28. The fcrew, not being tight, fuffer’d the air to break: out. 
Hence it appears, that air produced from cherries, is a great hindrance: 
to the produétion of air from-fleth. 

(2 ad Marth 14. 1676. I put two onions into a receiver, full of common Onions incom 
air, with a mercurial gage ; and faftned the ftopple with a f{crew, to fee ai 
whether vegetation would increafe, or diminith the quantity of the air. 

March 


bs 


oa . a 
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 Preomaries’ March 28. ‘The mercury feemed deprefled one quarter of aninch; but 
it afterwards recover’d its former feight, and two inches more ; and now 

the air broke out, and the roots grew longer. | 

April 28. About ten or twelve days fince, I perceived the roots to be 
corrupted ; and now they were wholly putrefied. 

May 9. The mercury continued at the fame height; for the air had 
broke away : and, therefore, I took out the onions, and found their roots 
putrefied, but they were not at all mouldy. . 

Onions in fati- (30.) March 17. 1676. I included two onions in an exhaufted receiver, 
tious air. and afterwards put air, produced from pafte, into it. 

March 28. 'The onions took root, at leaft, as well as thofe which I kept 
in the common.air, | . 

April 28. 'The ends of the roots began to putrefy, yet they were in far 
‘better cafe, than thofe furrounded with common air. Perhaps, the caufe 
of this difference is, that a greater quantity of water was included with 
the artificial air. ‘The mercury mounted higher by nine or ten inches. 

_May 18. Hitherto the onions feemed not at all corrupted ; but this day 
I found one of them tobe a little fo; tho’ different from a mouldinefs. 

Hence we may gather; that artificial air doth not at all hinder vegeta- 
tion; and that not only the fenfible magnitude of the body, but alfo the 
quantity of the air, is increafed by vegetation. “ | 
Unripe grapes — (311.) Auguft 25. I included fix ounces of unripe grapes in a recei- 
fa eam ver, capable of holding twenty-five ounces of water; but did not exhauft 

the air. - Fi | 

Auguft 26. 'The meroury afcended a little. — 

27. The height ofthe mercury was 1 inch. 
28. The height of it was 1 3. 
29. The height was 1 {. 

Auguft 30. "The mercury feemed to have defcended, rather than af- 
cended. "The colour of the grapes was lefs alter’d here, than in the re- 
ceiver, containing air produced from pears. : 

Aug. 31. 'The receiver broke, and I left the grapes expofed to the free air. 

Sept. 7. The giaes being left in the free air, ftill kept their green co- 
lour, and were of a grateful tafte, tho’ lefs pungent than before. 

Unripegrapesin  Auguft 25. I included two ounces of unripe: grapes in a receiver, ca= 

Aathitions a7, Hable of holding eight ounces and a half of water; and having ftopp’d 
it clofe witha fcrew, I filled it further with air, produced from pears, 
till it fuftained 15 inches of mercury. | Ri 

Auguft 26. Some air efcaped, and thereforeI crowded in new, produ- 
ced out of the fame pears, till the mercury refted 17 inches above its. 
wonted height. ) | ei 

Auguft 27. The mercury was depreffed below the 16th inch; yet no air 
had broke out. ‘Towards evening, the mercury again afcended to 17. 


° 


Aug. 28 : 19 | Aug. 31 | 923 + 
29 ‘ The height of it was <2 | Sept. 1@The height of it was< 24 
30 22 |) 2) 24 
| Sept. 
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Sept.4. The laft height continued, and the grapes had all contraéted a Pxeumaries. 
yellow colour. - , s* P IVS 
Sept. 5. ‘The air broke out. . 
Sept. 7. The air continuing to get away, by degrees; I took out the 


' grapes, and found them very infipid, and of an ungrateful tafte. 


This experiment confirms the efficacy of artificial air, to alter the colour 
of fruits. *Tis, alfo, very obfervable, that here it damaged the tafte, and 


promoted the production of the air, contrary to what had happened in the 


former experiments. It might be worth while to try, whether the fame 


would happen in all unripe fruits. 


(32). Auguft 2. 1676. I fhut up a July-flower ina receiver, with air pro- sIyitiedin sal 
duced from pafte, made with eal: se not mixed. 5 af ii phi: 
Auguft 4. ‘The flower began to change its colour, and to grow moift. 
Auguft 9. The July-flower was a little alter’d. é 
Auguft 12. The moifture gradually increafed, but no mouldinefs appear’d. _ 
Auguft 31. The July-flower feem’d little alter’d, tho” it was lefs frefh 


than thofe which were kept iz vacuo. 


Auguft 2. Tfhut up a July-flower in a receiver, with commor air, not 7, common aie 
mixed, 

Auguft 4. "The flower was not changed. : 

Auguft g. It grew moift, and had almoft loft all its colour. 

Auguft 12, A great mouldinefs cover’d all the flower. 

Aug. 2. I included two July-flowers iz vacuo, and took fpecial care, oly flecoeves ie 
that no humidity fhould be included with them. ¥aCwOs 

Aug. 4. 1676. One of them began to appear moitt. it 

Aug. 31. 1677. During the whole year, the July-flowers had fufered no 
change. : | : 

Hence it feems probable, that factitious air haftens the change of colour, 


yet.it prevents mouldinefs as a Vacuum. 


(33.), Fuly 24, I put apricocks and fome plumbs, feveral- of which were js icscgs and 
cut in pieces, in a receiver full’ of common air, and ftopped it firmly with plums in com 
a {crew. we 

July 25. The mercurial gage was fpoiled; fo that I could not,. by any 
means, perceive the quantity of the air generated. 

Fuly 30. ‘The: fruit feemed not at all alter’d, except that one of the cut 
plumbs had contraéted fomething of mouldinefs. 

Aug. 2. I opened the receiver, and. found all the fruit firm, of a good.. 
colour, and a grateful tafte. 

JFuly 24. 1 made the fame experiment in another receiver; with the %¢ fru i ave 


fame circumftances ; only into this laft receiver, I intruded air, produced tifiial air. 


from cherries, till it fuftain’d twenty-two inches of mercury. 
Fuly 25. The mercury defcended three inches, and refted at nineteen. 
Toward the evening, it recover’d its former height, and refted at twenty- 


: two. 


Fuly 26 it , oy: | Sfuly 28° Au dite To $36 
q i » $ The height of it was} Bb leo ony op rhe height of it was a 


Sule 
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Puevmatics. Yuly 30. The height was forty-four. ‘The apricocks which were cut, 
| began to moiften, and diffolve into water. 

is ot The height was $ x 

Aug.2. The nae was fixty-five. ‘Towards evening, when fome liquor 
had efcaped out of the receiver, I {crewed it tighter; but one of the iron- 
wires being broken, all the air got away. Wherefore, I took out the 
fruits, and found them very foft ; efpecially thofe, whofe lower parts were 
‘mmers’d in the water: the reft were a little more firm, but all of them 
retain d a grateful tafte. 

Hence it feems, that air produced from cherries, promotes the altera- 
tion both of colour, and firmnefs in apricocks. 

It appears, alfo, that fome part of fuch air is deftroyed at the firft. 
Plumbsin com:  (3.4.) Fuly 30.1676. I put plumbs, cut afunder, into three receivers ; 
erate, and One OF Which was full of artificial air, produced from goosberries ; the fe- 
invacw. cond, full of common air; and the third exhaufted. 

Aug. 2. In the artificial air, the plumbs were not changed ; in the com- 
mon air, they began to be mouldy ; but in the evacuated receiver, they 
retaind their colour, and were foft. | 

‘Aug. 5. In the artificial air, the plumbs had contracted a red colour, 
humidity, and foftnefs ; in the common air, they feemed black and mouidy, 
yet retain’d their firmnefs; in the evacuated receiver, they were almoft 
diffolved. : | 

Aug. 7. 'The plumbs, in the common air, began to foften. 

Aug. 8. The plumbs, in the common air, feemed to have loft their black 
colour, and to have contracted a red one; as it happen’d three days be- 
fore, to the plumbs in the artificial air. 

In this experiment, artificial air feems to have promoted an alteration. 

Reacher. in cumin (3 T) Seph 24-1, put, five peaches into a receiver, with common. air, 

aman and. ais oaaxed with fome produced from grapes ; and included the grapes them- 

{elves in the fame receiver, that the common air might be the better fatu- 
rated with the artificial. : 

Septemb. 25. The height of the mercury was twenty-one inches. 

Sept. 26 : 23. | Sept.29 ) 42 

27 >The height of it was 31 | 30 >The height of it wass 45 

18 39 ‘| Oftob.1 48 

Offob. 2. The fame height continued.’ 

+ 3. The height of it was 52 and a half. 
5. Theheight the fame ; but the peaches {feem'd mouft. 
6. The height of it was 58. 
7. The height of it was the fame. 
8. The height of it was 61. 
11. The mercury afcended a little. 
19. The height of it was 65. 
25. The height of it was 61. ‘The-cold was¢tharp. 
27. The cold abated, and the mercury afcended. 
30. The height was 61, and a little more. Nov. 
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Nov. 2. The height of the mercury was 59.. "T'was fevere cold wea-Pseumarics. 


ther. : > 


6. The height was 61. The froft broke, and it thaw’d. 
7. The mercury feemed fomewhat higher. 
9. The mercury. perfitted at the fame height. 

Dec, 9. In one month’s f{pace, the mercury afcended, by degrees,-to the 
height of eighty inches. sh. sahgte RRP Gah 

April 1. 1678. The mercury came to ninety-fix inches above its wonted 
height. I now opened the receiver, and whilft the air was breaking out, 
the peaches emitted many bubbles thro’ their skins, not without a violent 
noife ; and the skin, in dome of them, was broken: they had preferved 
their tafte, and the colour of their pulp ; but loft their firmnefs,, as. if they 
had been boil’d: being left inthe air for three hours, they were all rotten. 

This experiment proves, that common air corrupts bodies, tho’ much 
the lefs for being mixed with factitious air. | | 

(36.). Auguft 4. The firft receiver. I cut five pears, each of them into Pers in com 
four parts; and. put one part of each into a receiver full of common ate ae 
and ftopp’d it clofe with a {crew. ; | 

Aug. 6: The colour of them was little alter’d, and the mercury afcended 
not at all. 

Aug.7. The pears were little alter’d; and the mercury was a little higher. 

Aug. 8. ‘The pears underwent no great change; the height of the mer-~ 
cury was four inches. * Snag Ue . 

~ Aug. 9. The height of it was four and a half. 
Aug.toU ‘The height ] | Aug. 3 The height ‘16 
11 of it was 10 14 of it was Be 
. The pears. began to be foft. 
Aug. 15. The height of it was 21... | | 
16. The height of it, was 19.. I believe the air had got. out. 
17. Now I found the air had efcaped. : | 
18, The air being almoft all got out, fince yefterday in the evening, 
and the fruit looking worfe, I took the pieces out, and 
found them putrefied. 

Aug. 4. The fecond receiver. I took one quarter of each of the afore- Pears in artifi- 
faid pears, and included them, after the fame manner ; and, afterwards, # 4" 
added air, produced out of cherries, till the mercury poflefs'd twenty-three 
inches extraordinary. 

Aug. 6. The fruit was not alter’d, except a little in their colour. 

Aug. 7. Almoft all the pieces feem’d rotten ; the mercury remaining at the 
fame height. 

Aug. 8. The pears were not alter’d much; but I could not fee the mer- 
cury. / 

hit 10. They, gradually, grew fofter; and the mercury was forty 


inches above its wonted height. ‘ap 
Aug. 11% Theheight (51 | Ang. rat The height [£67 
15$, ofitwas -273 


133§, ofitwas 61 
Vo. i: Fiff Aug. 
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iy ag Aug. 16. The mercury defcended ; yet nothing had got out. 
: Aug. 17. The mercury exceeded not fixty-feven inches in height ; yet the 
air could by no means efcape. | 

Ang. 18. The mercury remain’d at the fame height ; but, fuffering the 

air to break out, it had a fharp odour; and the tafte of the fruit feem’d 
| very acid, and the pulp exceeding foft. 
ene anune Auguft 4.1677. The third receiver. Iput a quarter of each of the 
EP a reccivere a forvefaid pears into a recciver, nut exactly fhut. 

Aug. 6. The pears feem’d to change their colour. 

Aug. 7. One of the pieces began to lofe its firmnefs; but, in the ar- 
tificial air, another piece yefterday feem’d wholly rotten. 

Aug. 8. One piece was mouldy ; the reft were foft. 

Aug. 9. 'The pears gradually grew more rotten. 

+ ‘Aug. 11. They were wholly mucid, and rotten. 

This receiver, compared with the firft, fhews, that corruption begins 
not in the free air fooner than in included air; but, when begun, that it 
is ig more violent and fudden; becaufe the included air may be fa- 
tiated. 

Bears in vacuo, Auguft 4.1677. The fourth receiver. ff included one quarter of each 
of the faid pears zz vacuo. ‘ : . 
Aug. 6. The height of the mercury was 5. _ 


Au. 7 8 Aug. 23 20 
3 ae Boy pec 14( The height )23 
9p The height 12 | 1sC of it was Dos 

zo\ of it was /I4 4) 17. 23 
II 16 | 


20. Hitherto the pears had undergone no alteration; but this day they 


began to be foft. The mercury afcended not. — | 
‘Aug. 26. Neither the pears, nor the height of the mercury, were at all 
alter'd. " | 
This produétion of the air feems very regular. 
Hence we find the aptnefs of artificial air to foften fruits. 
And that the production of air was here promoted by artificial air, is 
very probable ; tho’ it had firceeeded otherwife with apricocks. 
Apivcks in —-«(3.7.) Auguft 231. 1677. The firft receiver. I divided fix apricocks, each 
cmon airs int four parts; and put one piece of each into-a receiver full of com- 
mon air, and ftopp‘d it firmly with a {crew. 
Aug. 22. The apricocks feemed riper than yefterday ; but no air was 
produced by them. | 
Aug. 23. One piece, contiguous to the water, began to be mouldy, and 
the reft inelined to putrefaétion. The mercury feemed to have afcended 
a little. | 
Aug. 24. A piece next the water, was cover'd with much mouldinefs ; 
another piece, more remote from the water, was fomewhat mouldy alfo: ; 
but all were rotten. b Ay ing 


Aug, 
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Aug. 25. ‘The fruit contraéted no more mouldinefs ; but the putrefa- Preuxaries! 
tion increafed. The height of the mercury was feven inches, PN, 

Aug. 26. The height of the mercury was 15. 

28. The height of it was 30. 

29. ‘The fame height continued. , 

30. The height of it was 23.The fruits were almoft all diffolved. 
| 31. The height of the mercury was 38. : 
Septemb. 1. The height of it the fame. 

2. The fame height ftill. 
3. The mercury afcended a little. ; 

Septemb, 40 The height § 41 | Septemb. re The height £ 45 

55 of it was 43 8§, ofitwas Ut 46 

Septemb.9. The fame height continued. _ 

Sept. 22. Little or no change appear’d in the height of themercury 3; but 
the fruit was almoft diffolved into water. 

Oétob. 1. When the mercury continued at the fame height, and the fruit 
feem'd almoft vanifh’d, I open’d the receiver, and found the apricocks very 
much tat and foft ; yet they retained a tafte not unpleafant, but tend- 
ing to acid, 

abe. 21. 1677. The fecond receiver. I cover'd one quarter of each of the Apricocks in aa 
aforefaid apricocks, with a receiver, not defended againft the external air. °°" 

Aug. 22. They were flaccid, as ifthey had been dry, or wither’d. 

Aug. 23. Many of them appear’d rotten and mouldy. 

Aug. 24. The apricocks were wholly putrefied, and mouldy. 

Aug. 21. The third receiver. I included firmly, by the help of a forew, The fame in one 
one quarter of each of the aforefaid apricocks, in an unexhaufted recei- **cxhaulteds 
ver ; towhich I, afterwards, added air produced from pears, till it fil tion of factitiow: 
tain’d 20 inches of mercury. i 

Aug. 22. 'The mercury afcended not at all ; but the fruit feemed to have 
acquired a greater degree of maturity, than that included in common air, 

Aug. 23. 'Thefe feemed lefs alter’d, than thofe which were in common air. 

Aug. 24. They remain’d unalter’d. 

Aug. 25. The fruits began to produce air, but I could not difcern the 
quantity. | 

Aug. 26. Little alteration in the fruit. 

Aug. 28. It began to moiften, yet was far lefs alter’d than that which 
remain d in common air. 

Aug. 30. The mercury emerg’d above the bodies, by which it was hid. 

Its height above the wonted ftation, was thirty inches. 

Aug, 31. The height of the mercury was forty inches, 

Sept. 1. The height of it was the fame. | 

2. The fame height continues. 

3. The height 45. : 

8. The height was little changed. 

9. The height 40; yetno air got out. 

a1» The height was 38. 3 
FEft 2 12, The 
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Purumaries. y2. The mercury continued to defcend. 
| 13. The height of it was 33. | | 

Sept. 14. The mercury was fo deprefled, as to appear no moré, | 

Sept. 22. The mercury emerged again; its height was 33. The fruit 
was cover’d with a kind of mucor. ie: 

Oftob. 1. When neither the apricocks, nor the height of the mercury, 
were any more alter, and the mucor vanifhed, I open’d the receiver, and 
found the apricocks not impaired, but of a goodcolour, their pulp fpon- 
gy and foft, and of a tafte inclining to acid. 

Apricocks in an Aug. 21. ‘The fourth-receiver. I tooka quarter of each of the faid 
wnexbanficd. ¢- apricocks, and-fhut them up firmly, with a) {crew, in an unexhaufted re- 
was afterwards ceiver ; into which, afterwards, I intruded air, till the mercury rofe go 
couderfed. inches above its ftandard height. . 
“ Aug. 22. Our receiver broke into an hundred. pieces, by the force of 
-. the air compreffed within it ; whereupon, I put the fruit into another, and 
added only fuch a quantity of air as was able to fuftain fixty inches of 
mercury. 7 
- Aug. 25. The apricocks had contraéted much mouldinefs ; and I added 
new air. ; 

Ang. 26. They were wholly infected with mouldinefs and rottennefs. 

This receiver, if compared with the former, fhews, that the quantity 
of corruption depends on the quantity of the air. 


Hence we have it confirm’d, that alterations are made more fuddenly in 


fatitious air ; and that, in time, the corruption is far greater in common 
air. | 
That the effets (38.) March 21. 1677. I put two onions into a receiver, which was 
i erase to be ftopp’d clofe witha fcrew; and intruded fo much common air there- 
of the common, into, as raifed the mercury fixty inches above its ufual ftation. | 
ee iin, March 28. The onions took root as well as other onions which I in- 
| cluded in common air at the fame time. 

April 28. The onions included in common air, eight days ago, were co- 
ver’d with mouldinefs, though, in the beginning, they had fhot numerous 
roots: the onions in the other receiver began to corrupt at the ends of 
their roots ; but the comprefled air, ten days before, had found a gradual 
paflage out, and now was almoft wholly efcaped. I, therefore, put in new 
air, till the mercury shad attain’d to the height of fixty inches above its 
ufual ftandard. hide 

April 29. The onions in the comprefled air, were cover‘d all over with 
mouldinefs, , 

Hence it feems to follow, that a little compreffure doth not prejudice bo- 
dies to be expanded by vegetation. | | 

And the new air, which was intruded, feems to have promoted the 
mouldinefs, though, probably, in the beginning, the compreflure of the air 

ae retarded both the mouldinefs, and the corruption. 
ulips and lavk- Gy 4 . ; 
jour iv common (39-) May 9. I put two equal quantities of tulips and lark-{purs, into 
andowmpefed two receivers of an equal bignefs, and ftopp’d them up firmly with {crews : 
} I 


Aix 
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Ileft one of them with common air only, but compreffed the other by the Pstuxazres 


intrufion of new air, till the mercury exceeded its wonted height by Riis ds eh 
feyenty inches. , 

May 11.'ITwo tulips, in the common air, contracted mouldinefs ; but 
all things remained unalter’d in the compreffed air. | : 

May 12. A third tulip, in commen air, began to be finewed ; but no- | 
thing like it happen’d in the comprefs’d air. 

May 14. One tulip, in the comprefs’d air, was finew'd ; but thofe in 
the common air, were all very mucid ; and one of the lark-{purs, in the 
common air, had alfo contraéted a mucor. 

May 17. Three of the tulips in comprefs’d air, had contracted a finew ; 
but not half fo much as thofe in the common air.. Two of the lark-fpurs, 
in the common air, appear’d finewed alfo; but thofe fhut up in comprefs'd 
air, were preferved frefh, and wholly free from mouldinefs, or finew. 

May 21. The flowers in the common air, were all rotten and putrefied ;_ 
but thofe in the comprefled air, received no further alteration : and the tu- 
lips, which had contraéted fome finew, feemed rather to Jofe it, than to 
acquire new. 

May 30. When the flowers, in the common air, being wholly putrefied, 
were diflolved into water, I took them out, and kept the liquor in the 
veflel, to try whether any infects would breed therein. In the comprefled 
air, the fowers fuffer’d no more fenfible alteration ; I, therefore, took them 
out, and found them moift, and of an acid odour. 

Hence, it feems that compreffed air hinders putrefaction and mouldi- 
nefs, in fome plants. : rads 

(39.) May 21. 1677.1 cut an orange into two equal parts, and inclofed ovange in com: 
one of the halves in a receiver, with air fo compreffed, that it would fuftain Peles andcome 
an hundred inches of mercury above its wonted height : I left the other bh: 
half in another clofe receiver, only with common air. 

May 25. Each half of the orange had contraéted mouldinefs ; but that 
jn the common air was much more mucid than the other. | 

May 26. The compreffed air had entirely got out, and therefore I put: 
in new. 
May 30. I every day perceiv’d fome air had efcaped, and, therefore,. 

daily fupplied frefh. And the orange, by receiving new air fo often, con- 
tracted a mucor,: notwithftanding the compreflure, much more than the 
other piece that was left in the fame air without preffure. _ : 

Sune 1. I took out the two half oranges; and that which lay in the : 
‘comprefled air, feemed to have contraéted a corruption, at leaft, three 
times greater than that which had continued.in the common air. 

Hereby the difpofition of compreffed air, to retard corruption, is con- 
firmed ; yet, in time, “tis very probable, that. the quantity of corruption 
-may depend upon the quantity of the air. | 

(40.) May 31. 1677. Lincluded two equal quantities of rofes, in CWO Rebs ie ane 
receivers, ftopp’d by the help of fcrews; into.one of which I intruded esa a 

mu 
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Prevsartess much aif as would fuftain ninety inches of mercury, befides its accufto- 


oe 


Orange in C0m- 


med preflure ; but I left the other with common air only. 

Fune 11. The rofesin the common air were free from mouldinefs, on- 
ly they feemed to have loft fomething of their colour: but thofe fhut up 
in the comprefled air, had almoft all contraéted a yellow colour, as if they 
had wither’d in the open air; yet they were not mucid, or finewed. 

Fune 18. This laft week, the flowers, in the common air, fuffer’d not 
the leaft change ; but thofe in the comprefled air, grew yellower. I 
open’d both receivers, and found the rofes to have retain’d their {cent, 
yet it was fomewhat alter’d; neither were they dry, or wither’d. I kept 
them apart in the open air, and found that thofe taken from the compref- 
fed air, were not fo foon alter’d by the contact of new air, as thofe which 
had remainedin uncomprefled air. . 

Hence it feems to follow, that compreffed air is fometimes fitter to al- 
ter colourthan common air. And, perhaps, it may be worth our no- 
tice, that rofes fo included, contraét not a mouldinefs, but only a yellow 
colour ; tho’ in tulips and lark-fpurs, tis otherwife. : 

(41.) Fune 1. 1677. I put the two halves of the fame orange into two 


pros'd airy and receivers ; in the one I increafed the quantity of air till ic fuftained the 


C8. 


Shrew-micg in 
commen and 
tompreBed air. 


mercury an hundred inches above its wonted height ; but left the other 
uncomprefled, only exactly fhut. ' 

June 6. Each half of the orange grew mouldy ; efpecially that, whofe 
ambient air was comprefled. But new air Was every day fupplied ; for the 
comprefled air, in 24 hours time, had almoft all got out. But in the 
former, it had remain’d very well fhut in, for fix whole days. 

Gune 11. The orange, in the common air, contraéted no more mouldi-- 
nefs; but, in the comprefled air, the mouldinefs gradually increafed. 

June 18. Finding the mouldinefs of the orange, in the common air, to 
diminifh, rather than increafe, I took it out; and perceiving further, 
that, in comprefled air, the orange was not more mucid, after I had cea- 
fed to intrude new air,I was willing to try, whether the new air fupplied 
new ftrength to the orange, to exert and thruft out its mouldinefs ; and 
therefore, made the mercury in the gage, by means of the air intruded, to 
exceed its wonted height 80 inches. : 

Gane 20. Two days after I had intruded new air into the receiver, 
the mouldinefs of the orange appeared to be manifeftly greater. 

Hence we may gather, that the quantity of the mouldinefs depends on 


the quantity of the air. 


442.) Yuue 17. 1677. I put two fhrew-mice into two receivers, of equal 
bignefs, and ftopped them up carefully ; in one of them I left only com- 
mon air; into.the other, I intruded air, till the mercury was higher, by 
30 inches, than ufual: the moufe, in the common air, was included about 52 
minutes paft 5 of the clock; and 6 minutes after the other. 

The moufe, in the comprefled air, feemed to lofe his ftrength much 
fooner than theother, the motion of his breaft being lefs frequent: yet, about 
18 minutes after 6 o’clock, the moufe in thecommonair, which feemed the 

; ftrongerx 
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ftronger, fell into convulfive fits,and died ;but that in the compreffed air, Pyeuaaries. 
feemed then, and fome time after, to be as well, ashe was an hour and 7 


half before. 
About eleven of the clock, the moufe in the compreffed air, ftill brea- 
thed ; but, about four in the morning, he was found dead, inthe fame 
fture wherein he was feven hours before: whence we may conjecture, 
that he was free from convulfive fits. 


I muft not omit, that the moufe, in the common air, had confumed fome- 
thing of that air; fo that the mercury ftood at 29 inches, and, when 
the receiver was opened, prefently afcended to 30. 

Hence we learn, that comprefied air feems fitter than the common, to 
prolong life ; fince the one moufe lived fo much longer, tho’ only a double 
quantity Of air was included in the receiver. 


(43.) Gune 13. 1677. I put four flies into a receiver, and aftewards in- Mies in commen 
truded air, till the mercury rofe fixty inches above its wonted height ; and ae comprelled 


at the fame time, included three other flies, in another receiver, with 
common air not compreffed. | 

June 14. In the morning, all the flies were well. In the afternoon, I 
found two of them dead in the compreffed air ; but in the common, they 
were all alive. About five a-clock, one of the flies, in the compreffed air, 
was alive, and three in the common air. | 

Gune 15. This morning I found all the flies in the common air dead ; 
but that fingle one which remain’d alive in the comprefled air, feem’d ftill 
to be very well; and, being taken out of the receiver, flew briskly 
away. | 

Hence it feems, that flies are not very fenfible of the air’s compreffure; 
‘and that they die more for hunger, than want of air: for the fly 
which remain’d fo long well, fed upon the carcafles of thofe which were 

dead; fo that fhe feem’d not to be diftemper’d. | 

 (44.) Sune 15. I repeated the preceding experiment, only including 
four flies in each receiver, and comprefling the air fomewhat more. 

June 16. This morning [ found two of the flies, in the common airy. 
dead ; and but one in the compreffed air. 

About two in the afternoon, the four flies, inthe common air, feeme 
ed to be dead; but, in the compreffed air, the three were alive. 

Hence, the compreffure of the air feems.of fmall confequence to flies. ; 
and, indeed, they are not prejudiced by the rarifaction of it, without 
great difficulty, and unlefs there be almoft a compleat vacuum. 


(45.) Sune x. I included two frogs in two receivers, and {topped them Frogs in comet 
a3 : and comprefed 
by the help of {crews ; the one only contain'd common air, the other, air 33, 


comprefied, till it fuftain’d feventy:inches of mercury. ' 
Fune 19. Both the frogs were alive ; and the height of the mercury, in 
both receivers, remained the fame. 
fune 20. Neither of the frogs were dead ; and they feemed shige to 
iml~ 
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Preumaties.diminith, than increafe the air: but the difference was fo {mall, that I dare 
Gaal not be pofitive therein. | 2 
June 21. In the morning, both the frogs were alive; but, towards even~ 
ing, that in the common air was found dead. : 
Fune 22. At evening the frog, in the comprefled air, was alive. 
“une 23. In the morning I found it dead. 
Orangesincom. (46-) Gune 18. 1677. 1 thut the two halves of the fame orange, in 
ria two receivers, and ftopped them by the help of {crews ; the one with com- 
‘mon air, the other, with air compreffed to fuftain ninety inches of mer- — 
cury. | 
une 22. This morning I found the orange, in the common air, moul- 
dy ; but the other was found. | | 
At three in the afternoon, the orange, in the compreffed air, feemed, 
— « alfo, to have contracted fome mucor. ! 
- Fune 23. The orange, in the common air, was far more mucid than 
‘the other. | eee | 
~ Gune 24. The orange, in the common air, did not increafe its mouldi- 
neis; but the other was cover'’d all over with it. 

“Gune 28. ‘The mouldinefs, produced in the common air, was now 
wholly vanifhed : in the other receiver, I perceiv’d no further alteration in 
the fruit. ‘ | | 

 Yune 30. Both remaining in the fame ftate, I took them out. The part 
which was kept in common air, feemed half rotten ; but the other, be- 
fides its finew, appear’d wholly putrefied. 
Hence *tis confirm’d, that the quantity of the mouldinefs depends on the 
quantity of the air. 

It feems alfo worth obferving, that the mouldinefs appear’d a little 
Jater in the comprefled air, than in the common, tho’, afterwards, it in- 

an creafed much more. | ; 
Roves tn com 47.) Fuue 29. 1677. LT included rofes in two receivers, ftopp’d by the 
teed air. help of tcrews; I left one with common air only, but filled the other with 
fo much, that the mercury afcended ninety inches-above its ufual height. 
July 14. Four or five days ago, I found the rofes, in the compreis’d 
. air, wither’d, and degenerated toa yellow colour. ‘There was not the 

jeaft alteration in the other receiver. | 
uly 17. When I perceived, that this experiment proceeded after the 
fame manner as that above-mention’d, I took out the rofes. Thofe kept in 
the compreffed air, were very much corrupted, and of a very ungrateful 
fmell; but the others were little alter’'d, and their {cent not unpleafant. 
Hence we have a further confirmation, that the quantity of corruption 
_ depends on the quantity of the air. | 

Lemmons in (48.) July 4. T cut a lemmon afunder, and put the halves into two re- 
comprefed air. C€AVELS, to be -ftopp'd by f{crews; the one I left with common air only, 
but the other was fill’d with fo much compreffed air, that it fuftain’d 


ninety inches of mercury above its ufual fandard. 


Guly 
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uly 7. This day, both parts of the lemmon feem’d to grow mould at Preumarics, 
ee fame time. . : na Ne 

Fly t7. That in the compreffed air had contraéted much more hoar 
than the other; and, perceiving no farther alteration, I took them out, 

i found the lemmon, in the comprefled air, far more putrid than the - 
other. 

Hereby it is confirm’d, that the quantity of corruption depends on the 
quantity of the air. . 

It feems alfo, that a triple compreffion of the air, in refpeé of a lem- 
mon, 1s too weak, fenfibly to retard the produétion of finew. 

(49.) Fuly 18. 1677. T included two parcels of July-dowers, equal in Fuly-flowers ix 
number, in two equal receivers, and ftopp’d them clofe with f{crews; peat Ae 
fill’d the one with compreffed air, till it fuftain’d an hundred inches of mer-_ 
cury, extraordinary ; but the other was left with common air alone. 

uly 23. In the comprefied air, the July-flowers fhew’d fome hoarinefs ; 
the others appear’d only moift; but the mercury exceeded its wonted 
height only feventy inches ; for fome of the air had got out. | 

July 25. In the comprefied air, the July-flowers proceeded to corrupt 
much fafter than the others. ‘They had wholly loft their colour. 

Fuly 26. In the compreffed air, the July-owers were wholly putre- 
fied, and cover’d witha hoary finew ; the others were moift only in fome 

laces. ‘ 
i Auguft 1, Perceiving no farther alteration, I took the Aowers out of their 
receivers ; thofe which were kept in compreffed air, were rotten, and fe- 
tid ; the other kept their colour, and their {mell was not offenfive; but 
they were moift. | | 

And this is a farther confirmation, that the quantity of the air increafes 
corruption. | 

We may, alfo, obferve, that the mouldinefs is not produced, but in 
comprefled air ; nor is it probable, that this happen’d by chance ; fince, 
in each receiver, there were three or four July-flowers included. 

- (50.) Fuly 21, 1677. I included a fhrew-moufe in a receiver, With A forow-moufe 


common air, and fhut him in firmly witha {crew, to try whether he would cosine’ 4n:cam- 


produce, or confume air. 

After two hours, the moufe died, and fome air was confumed; but a 
lefs quantity than in the former experiment of this kind. 

Fuly 24. Hitherto I found no change in the height of the mercury. 

Towards evening, it feem’d a little higher. 

Fuly 25. This morning much air was-produced de xovo, 

Fuly 26. The quantity of the produced air increafed. | 

Hence we have a confirmation, that living animals confume air; ‘but 
dead ones produce new. | : 

(51.) Auguj? 31. I put pears into a receiver ; whereto, after it was well Pears in comms 
{topped I added as much air, as fufficed to fuftain thirty inches of mere refed ain 
cury, extraordinary. | 

September 1. ‘The mercury was depreffed. 

Vot. Il. Geggg Sept. 
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| Pxeuxarics. Sept.2, The height of the mercury decreafed; it exceeded not twenty=- 
~" five inches. | 
Sept.3. The mercury rofe one inch higher; and ftaid at 26. 
Sept. 4. "The height thereof was 28. 
Sept. 8. The receiver leaking, I put in new air; and, this day, opening: 
the receiver, to compare the tafte of this fruit with that of the other ; 
{ found, that five of the pears had foft their firmnefs, but two.retain’d it. 
Pears in common  Anguft 31. Ll included pears, of the fame kind, in another recetver, with 
air. common air only, not comprefs’d. | 
September 1. Vhe mercury was. a. little deprefs’d, as if. it_had been ir 
comprefs’d air; the caufe whereof might be only the-cold. 
Sept. 2. The mercury. varied: not. 
Sept 3. The height of the mercury was one inch, above the: ufual ffan- 


ard. 
Sept. 42 The height § 4 
5 of it was 6 4. 


Sept.6% Theheight [6 4 
7$ ° of it was; tia 


Sept. 8. The height of the mercury was twenty. ‘The pears, being tas 


ken out of the receiver, had preferv’d their tafte much better than thofe: 
included iz vacuo. ‘They, alfo, retain’d their firmnefs. 

Pers in-vano.. -Auguft 31. I included pears of the fame fort iz vacuo; but fome external: 
air brake in, and the height of the mercury was one inch. 


Sept. 1 ods PROOE PES. S 19 
2€ Phe height 8: Bb. 6€ .'Theheight 223 
of it was 2 7 of. it was. 27 


2 


4) OIG. pert: Buds 30 
The pears, being taken out, had kept their firmnefs,, but loft. much of 
their tafte. . 

Hence it feems to follow,. that, in a greater compreffure, a: lefs quan- 


tity of air is-produced. 


A-fmall bird (52.) December 7. I fhut up a {mall bird in a receiver, capable of hold- 


incomprefed airs ng twenty ounces-of water. ‘The bird began to be ill, before I had fet 
the {crew ; but, after I had intruded fo much air, as to fuftain thirty 
jaches of mercury, above its wonted height, fhe feem’d to recover; but, 

foon after, began again to be fick: and, therefore, I intruded air the fe- 

cond time, till the mereury refted forty-five inches above its ufual height ; 


whereby the bird was again reftored: but, in a little time, fhe began tor — 


gafp again; then, opening the receiver, after fhe had.ftaid.in it twenty-eight 


minutes, fhe flew out, and was very well. 


— Afirew-mnfe (53...) January 20. 1678. 1 put a ‘fhrew-moufe into the receiver of the 
tacomprefed air. wind-oun, above-defcribed ; and, immediately, fo far condens'd the air, 


till it was.reduced to about the twentieth part of’ its fpace: then I pre- 


fently difcharged that air, and the elliptic hole being open’d, I fufpected. 


that.the moufe had. been only a little -convulfed’; but,. when he was taken 


out, there were- no figns.of life. in him.. Whether the caufe of his. 
death were to be afcribed to the narrownefs’ of: the. receiver,.or. to the 


compreflure: of the-air, 1s.a queition,. 3 


| Phyfico-mechanical Experiments. 595 


I put another moufe into the fame receiver ; and the air, being reduced Pevmaries. 
toa third or fourth part of its natural {pace, I open’d the receiver, but“ V\ 
. not fo carefully as in the former experiment ; yet the moufe, taken ont 

therefrom, was found to be very well. 

I, afterwards, repeated the experiment; the air being about feven or 
eight times condens’d; and the moufe feem’d to fufler no inconvenience 
thereby. 

I made the fame experiment again, in air compreffed feven times, and 
deft the moufe:included for twenty-four minutes ; which time being elapfed, 

‘I difcharged the air, and, opening the hole, perceiv’d the moufe to fetch 
many deep groans, as it were: I took him out, but he could not recover. 

Hence it 1s manifeft, that a great compreffion of air is pernicious and 
deftructive to animals. 

(54.) Fanuary 28.1678. I put a fhrew-moufe into a glafs, to whofe A frrewmanfe 
neck we tied a bladder, that ftopp’d the orifice. “Thefe were put into a re—* (ened air. 
-ceiver for compreffing of the air. Soon after, when the moufe began to be 
fick, 1 comprefied the air, and the bladder was ftraitned ; fo that the 
moufe was in condenfed air, whilft no new air could pafs to him: 
then he feem’d to be much better, and his heart beat lefs frequent ; when, 
opening the receiver, he was, in a fhort time, as well as-ever. 

I repeated the experiment, and left the moufe fo long, that he could 
hardly breathe, whilft I began to comprefs the air; and the compreflure 
feem’d again to abate his refpiration: the receiver being open’d, and the 
moufe expofed to the air, he could not breathe much more reely ; but, if 
I blew the air on him with bellows, he feem’d to be fomething relievd. 

Being, again, committed:to the comprefs'd air, he breathed lefs frequently, 
and, at laft, died. : 
~ March 25. Becaufe, in the preceding experiment, it was not clear, whe- 
ther the air enter’d thro’ the ligature of the bladder, I ufed the inftru- 
sment.deferibed, Fig. 79. And when I perceiv'd the moufe was fick, and J 
breathed feldom, I intruded water into the receiver, fo that the air was | 
reduced to half of its fpace; and, then, the moufe breath’d more rarely. 
But if, extracting the water, I left the whole {pace entire for the air, his a 
refpiration feem’d more vivid; and the air being thus, many times, :con- 
tracted and dilated, the fick moufe feem’d to refpire more freely in the 
common air than in the comprefled. Whence, I conjeétur’d, that air is 
to animals, like food; the quantity whereof ought to bear fome propor- 
tion to their ftrength. And, that I might more certainly’know this, I 
sput the fame moute into my pneumatic engine, and rarify’d the air, fo 
that it poffefs’\d more than double the ufual fpace. Whilft the air was 
rarifying, the mouile prefently began to’be better; yet, a little while 
after, he feem’d fick-:-and- when the air was reftor’d, it in no wife affeéted Te sae of ar 
him. <I, thus, repeated tne rarifa€tion three times, with ‘the fame fuc- ‘ele? wr 
-ce{s ; but, at laft, the moufe died. ii nl hone bee 

it haere vs - -9 , tacluded with 

(55.) May 5.1677. I put a bee, with diftill’d vinegar, and pulveriz’d zifitied vine- 
-eoeral, into a receiver ; and the air, being wholly-exhaufted, I order’d the gs, See fom 
Ggegg2 matter 
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Prnumatics.matter fo, that the coral fell into the glafs of vinegar: but the air, pro-~ 


Flies in artifi- 
ial air of goof- 
_ berries. 


Flies included 
with fire in the 
artificial air of 


pajte. 


duced from thence, did not reftore any power of motion to the bee; bur, 
when fhe was expofed to the open air, fhe foon began to move herfelf: 

Hence a fufpicion arifes, that artificial air is unfit to preferve the life 
of animals. | 

(56.) Auguft 12.1676. I put two flies into a receiver, and, exhaufting 
the common air, fubftiruted, in its ftead, air produced from goosberries, 
till it fuftain’d twenty-fix inches of mercury. 

Afterwards, I put two other flies, alfo, ia vacuo ; but with this diffe- 
rence, that I let fo much common air into them, as could fuftain twenty- 
three inches of mercury. | 

Within a quarter of an hour, the latter flies, upon the reftitution of 
the air, recover’d that power of motion, which they had loft zz vacuo, and 
flew about in the rarified air; but the former lay without any motion, 
tho’ they had receiv’d a greater quantity of air. 

Aug. 13. The flies, in the artificial air, feem’d ftill dead ; but the others 
were lufty. 

The flies, taken out of the artificial air, and expofed to the common 
air, remain’d fo, all this whole day, without recovering life. 

Aug. 18. I repeated the experiment, with the fame duccefs; tho’ I had 
reftored a greater quantity of artificial air. | 

Hence we have an high confirmation, that artificial air is noxious te 
animals. | 

(57.) Sune 22.1677. I put pafte into three receivers, out of which, I, 
afterwards, exhaufted the air. | 

Fune 23. When the three receivers did, this day, regurgitate with air 
produced from the pafte, I kindled a perfumed cone, and put it into one 
of the receivers ; which, being prefently ftopp’d, the fire, within one mi- 
nute, went out: then, by blowing, I expell’d the artificial air from the re- 
ceiver, and put fire into it, as before, and it burn’d bright for a.confiderable 
time ; tho’ I had fhut the receiver as fpeedily, and as accurately, as 
before. | : | | 

I made another experiment, after the fame manner, with a fly ; and, in 


the artificial air, fhe prefently feem’d to be dead; but, afterwards, being 


Flies and frogs 
i@ artificial air. 


expofed to the fun, fhe, in a fhort time, grew well again. Then, I blow’d 
common air into the receiver ; but the fly, included as before, fuffer’d no 
inconvenience thereby. 

I repeated the fame experiment, with the fame fly, in the third re- 
seiver, fill’d with artificial air, with the fame fuccefs; only this fy, when 
taken from the artificial air, could not be reftored, without longer time, 
becaufe fhe was. left longer therein. | 

Hence it appears, that fa@titious air is prejudicial to fire, as well as to 
the life of animals, 

(58.) Sune 25.1677. I put pafte into four receivers; and totally ex- 
hautting the air from two of them, I pump’d out only half the air from the 
other two. ‘ . . 

Fune 


aie 
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mon air, to be quite fill’d with air newly produced ; but know not, whe- 
ther they had, for fome time, regurgitated or no, fo that the quantity of 
common air was much diminifh’d. However, I put two flies, at once, 
into one of the receivers, after the manner before defcribed ; and, foon 
after they touch’d the bottom of the receiver, they remain’d without mo- 
tion. I put a third fly into the receiver, after the fame manner,’ and 
found fhe liv’d a little longer there, than the former. A fourth fly, being 
put in, maintain’d her life longeft of all; yet, at laft, fuffering fome con- 


vulfion, fhe lay movelefs on her back. All the flies, after fome ftay | 


in the artificial air, being taken out, and expos’d to the common air, 
grew well in a fhort. time. : 

I made the fame experiments in another receiver, half full of artificial 
air, and, ina manner, with the fame fuccefs; but the flies in that re- 
ceiver, into which only common air was admitted, foon recover’d their 
ftrength and motion. 

Gune 27. I found one of the receivers, which was wholly evacuated of 
common air, to be full of artificial air; bur, it being cafually thrown 
down upon the ground, entrance was, thereby, given to the external 
air; yet I put a frog into it, which feem’d not to be very fick therein. 

une 30. ‘Fhe fourth receiver, by the power of the produced air, 
feem’d, at length, forc’d away from its cover. I put a frog into it, and 
fhe fell into high convulfions, for five minutes fpace ; and then Jay without 
motion. In four minutes after, I open’d the receiver, and, taking out 
the frog, fhe remain’d, for forty-fix minutes, without motion ; but, af- 
terwards, in four or five minutes more, fhe grew very well. j 

Hence it is evident, that artificial air is very hurtful to the life'of ani- 
mals; but that, if mixed with common air, it doth not fo readily produce 
its effects. | 


(59.) Sune 28.1677. I put'pafte into four receivers, three of which r 


causd to be wholly exhaufted of common air; but the fourth was left 
half full of air. 

une 29, One of the receivers, that were wholly exhaufted, was found 
full of air, newly produced ; and a frog, being put into it for four or five 
minutes, had ftrong convulfions: then, for one minute, fhe lay without mo- 
tion ; whereupon, I took her out, and, in five minutes, fhe began to move, 
and, a while after, became well again. f 

I took another receiver, fill’d with artificial air, and, putting a frog into 
it, in feven minutes fhe ceas’d to be convulfive. And, afterward, when 
fhe had lain one minute there, without motion, I open’d the receiver,. and, 
taking her out, found that fhe began to ftruggle, and move; tho’ I judgd 


thofe motions to be the remains of her convulfions: for, after ‘that, fhe 


continu’d movelefs for half an hour, and more; yet, at laft, fhe grew 
well again. 


The receiver, from which I exhaufted only half its air, had fo long 


regurgitated with produced air, that, very probably, much common ti 
ag 
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Fuine'26. I found the two receivers, which I had left half full of com- Preumaries. 
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| Psromarice had got out together with ic. A. frog, being putinto it, feem’d to be 
we YS vehemently mov’d, and convulfed, for ten minutes, as the reft did, and, 
then, fhe feem’d quite dead; but, after a full minute, 1 open’d the re- — 
ceiver, when, the frog, being expos’d to the open air, within a quarter of — 
an hour, began to move. 
I put a frog into a receiver, full of common air, to try whether, the 
pafte being now taken out, fhe would live any longer there. 
Guly x. In the afternoon, I found her dead, tho’ the. breath’d in the 
smorning ; fo that fhe liv’d about forty-eight hours. 7 
Fune 30. I put a frog into the fourth receiver, which was wholly fill’d 
with artificial air; for feven minutes and an half, fhe was vehemently 
convulfive, and, at laft, died; then, after two minutes, fhe was taken 
out, but recoyer’d no- motion at all. 
Fuly 1. Perceiving the frog to remain ‘in the fame pofture, I threw her 
away. 
Hence we have a confirmation, that artificial air is the more hurtful to 
animals, the freer it is from common air. : 
A forew-moufe,  (60-) Fune 30.1 included pafte in two receivers, and then exhaufted the 
‘fneil, and flies, air. . 
aaah Fuly 4. I put a fhrew-moufe into one of the receivers, filled with artifi- 
cial air, where he fuffered- vehement convulfions, and.in one minute, died. 
I prefently took him out, and expofed him to the common air; but no 
power of motion could be thereby recover’d. 
Then I took the other receiver, and, putting a fnail into it, with fome 
~wonder obferved, that he continued to move very ftrongly, for a whole 
quarter of an hour; but, afterwards, his motion was flower, till in about 
another quarter of an hour, he lay ftill, as if he were dead ; but then, be- 
ing taken out of the receiver, and expofed to the air, he foon grew 
well. | 
J put flies. into the fame receiver; but now it had admitted too great 
~a quantity of external air, forthe flies received no hurt. 
ence we gather, that artificial air kills animals by fome venomous qua- 
Jity, and not only by the defeét of common air; for the fnails liv’d longer 
im vacuo. 
Sener (61) Fulys.1 677.1 took.a receiver filled with air produced from cherries, 
rite” and tranfmitted it out of that,:into another. receiver, full of common air, 
in which a ‘frog was kept : matters were fo order’d, that the water gave 
-place only to the artificial air entring in ; and .the water itfelf owed out. 
And thus the frog, being included in pure artificial air, for a quarter of an 
hour, and more, fuffer’d convulfions, and, at laft, lay ftill without mo- 
tion ; yet, being afterwards taken out, and expofed to the open air, the 
‘grew.-quickly well. | 
Hence it feems probable, that air produced from cherries, is lefs hurt- 
‘ful to frogs, than that produced from pafte. 
pe neate ;, (62) Fuly_9. 1677. J put goosberries into three exhaufted recei- 
artificial air of VEYS. ) 
_ goos-berries. , . ; Fuly 
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July 20. I found one of them fever’d from its cover, by the force of Pszumaries, - 


the produced air: I cafta fly into it, which died inftantly ; a fecond fly 
being, likewife, caft into the receiver, prefently died ; a third put into the 
fame, feemed, for a little while, to be convulfive; but lefs thana fourth 
fly, that L included therein; which yet, in one quarter of a minute, lay 
moyelefs. Afterwards, I difpelled the artificial air out of the receiver, 
by blowing, and, in a little time, the flies grew well. 

Fuly 24. F took another receiver, filled with air produced from goo{~ 
berries ; and putting a fhrew-moufe into it, found that he died there in 
half a minute. 

Probably, therefore, the air produced from fruit, is lefs hurtful to ani- 
mais, than that produced from minerals : for, on the 20th day of Fuly, Lfound: 
that a moufe livdnot above a quarter of aminute in air produced from 
gun-powder. | ‘ 


(63.) Fuly 5. 1677. I included pafte in four exhauited receivers. Afbrew-moufe 
Fuly 6.One of them, being filled with faétitious air, was forced from its #24, and a» 


adder, in artifi- 


eover, which I again ftopped; yet not fo foon, but fome common air might cial air of paste. 


mix. with the artificial: I put a fhrew-moufe into it, which. was. pre- 
fently highly convulfed, and, after one minute and an half, remained move- 
lefs ; and, being prefently taken out, he feemed to have fome convulfive 
motions, and died. | 

Guly 7..L took a fecond receiver, filled with artificial air; and having 
included a little bird therein, fuddenly ftopped: it: the prefently fell into. 
eonvulfions, and,. within about a quarter of a minute, died: I took her 
out, but “twas, too late, for fhe never ftirred: after. 

I blew out the artificial: air from the receiver, and then,. another bird. 
of the fame kind, being put in,. was. very well, though fhe ftaid there four 
minutes. 

Fuly 9. Ttook a third.receiver full of artificial air, and put that bird: 
mto it, which, in the laft experiment, had>continued well, and yet feemed 
to be lively and. found; before fhe had been there a full: quarter of a 
minute, fhe lay without motion, and being prefently taken out, there ap- 
peared no fign of life in her. ! 


In the afternoon I put an adder into my fourth receiver, and, within two 


minutes, he began to be fick, to gape and pant ; yet he was not wholly 
deprived of motion, till after twenty-four minutes. Then, in fix minutes 
more, L took him out of the receiver, motionlefs. as he was, and expofed. 
him to the free air, but he did not recover. | 


Fuly 10. ‘The adder remained: in’ the fame ftate, and gave no figns of 


recovery. | 
(64.) July v2. 1678, Lput a bird into a receiver full of air produ- 


eed from raifins of the fun; fhe diedina quarter of a minute; and tho’ ob air of 
ae FARIS - 


I took her out prefently, yet fhe never ftirred more. sical 

» Guly 18.1, likewile; put a fhrew-moufe into a receiver full of air, pro- 

duced from raifins: of the fun ; buta thread, left on the edge of the re+ 

ceiver,, hinder’d’ me from ftopping: it clofe ; yet. the moufe prefenrly be= 
gan 


A bird and a 


rewemoufe, in 


4 


4 


600 


Phy fico-mechamcal Experimenis. 


Punumarics. gan to be very ill, and, after two minutes, he lay, as it were, without 


Shrew-mice ine 
aluded in com- 
owen Alre 


any motion; yet, being taken out, he was wei. again in two or three 
minutes time. : 
(65.) Oétober 1..1678. About ten in the morning, | included a fhrew- 
moufe with common air, in a receiver, fortified againift the external air ; 
about eleven, the moufe could hardly breathe: I threw another ftrong 
lufty moufe into the fame receiver, and prefently put on the cover ; but 
the firft monfe, having confumed fome of the air, the external air was 
forcibly impelled into the receiver, and fo: difpelled a great part of the 
air ftagnant there: upon which, the firft moule feemed to be much bet- 
ter; neither did he die much fooner than the other, but both of them 
died about noon. About four in the afternoon, I put another ftrong 
moufe into the fame receiver; and, left the external air might again 
expel the included air, I put him in very leifurely : this third moufe lived 


not three minutes entire. 


Whence we may conjecture, that the portion of air which hath once 


‘ferved for the refpiration of animals, as much as it could, is no longer 


Snatts in faki- 


ufeful for the refpiration of another animal, at leaft, of the fame kind. 
(66.) April 28. Inthe morning, I put fo great a quantity of pafte into 


_tiows air of faft.an exhaufted receiver, that, in the afternoon, I found the receiver full of 
faGtitious air ; whereupon I put a fnail into it, which prefently frothed © 


very much, and often expanded and contratted itfelf; but, in four mi- 
nutes, he ceas’d to move: yet I took him not out, till he had ftaid in the 
receiver for a quarter es an hour; and then, being releas’d, he feem’d 
as if quite dead : for, tho” he were prick’d with a pin, yet he difcover’d no 
fign of life; tho’, after another quarter of an hour, being prick’d, in the 
fame manner, he mov'd a little. | 

I blew out the fa€titious air, and put in another fnail: he remain’d 


-very well in the receiver, and did not froth at -all. 


Buails in the 
faétitions 


Hence we have a confirmation, that fadtitious air isa greater enemy to 
animals, than a Vacuum. 
(67.) Sune 22. 1678. In the morning, I put green peafe into an ex- 


gaat ~haufted receiver; and, towards evening, the mercury had almoft attain’d 


the height of ten inches. 

June 23. The height of the mercury was almoft thirty inches, 

“une 24. The mercury did not yet exceed thirty inches in height. ‘The 
cover no longer ftuck to the receiver; yet nothing, hitherto, had efcaped. 

June 26. 1 included the fame peafe in the fame evacuated receiver. 

July 29. When I now found that the receiver was fill’d with factitious 
air, I thruft a fhail into it, which froth’d much, and very often fhot out 
and contratted his horns; but, in fix minutes’time, he Jay ftill, as if he 


“had been dead, and continued thus for two or three minutes; then the © 


receiver being open’d, and the fnail taken out, mov'd himfelf a Jittle, if 
he were pricked. ‘Whence it feems to ‘follow, that air produced from 


eafe is lefs prejudicial to fnails, than air from pafte. I blew new ait - 
-anto the receiver, anda {hail then put into it, did very well. 


” In 
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In.this experiment it feems obfervable, that peafe quickly produce air PxeuMarics, 
in vacuo ; but, that in the ufual compreflure of air, they generate little. 
68.) Fune 22. 1676. I puta butter-fly into an exhaufted receiver, and Animals in va- 
it was almoft three hours before he was wholly deprived of motion ; pur, m2" * 
at length, perceiving him to lie unmoved, I let the air into the recej- a 
yer, and, prefently, the butter-fly moved. Then I bound him, by one 
of {his horns, with a thread, and fufpended him in the receiver; when, he 
‘was carried very freely from one part of it to the other, by the motion 
of his wings ; but, after the air was extracted, the clapping of his wings 
was in vain, for he could not, in the leaft, move the thread from its per- 
pendicular pofture. 
(69.) Fuly 12. 1676. Yefterday I put two flies into a receiver, in which Pues in a rece? 
E left = of air, (7.e.) as much as would fuftain ten inches of mercury Pile hid 
the biggeft of the flies feemed to die prefently ; but the other, which was 
a {mall-bodied one, lived almoft twenty-four hours. 
When both the flies lay, as if they were dead, I fuffer’d fome air to 
enter in; the mercury was. fifteen inches high, when the leffer fly began 
to move her feet, but the other continued ftill without motion. 
Hence it appears, that air, highly rarified, may ferve for infeéts to 
breathe in ; and that it doth not kill them fo foon as artificial air. a 
(70.) May 1. 1 put two {nails into an exhaufted receiver, and, for ag, Snails in vacua. 
whole hour, they feemed to be well enough, and crept up to the top of 
the veflel; but, in two hours time, they fell down from thence, and lay 
without motion. 
After they had remained za vacuo for fix hours, I took them out, and, 
within half an hour, they began to move a little. During the time they 
were included, they produced near as much air as fuftain’d the mercury 
at the height of a quarter of an inch. 
Thefe fnails liv’d longer iz vacuo, than did others included in artificial 
air. ; 
(71.) Auguft 12. 1676. I put the eggs of flies into an exhaufted re- Fées eggs 
ceiver, to try if they would there produce worms. sara 
Aug. 14. Worms were formed, but the air had crept into the receiver, 
fo.as to fuftain fifteen inches of mercury. | 
Hence it appears, that infects may be produced, and live, ifnot zz va- 
cuo, yet, at leait, in airvery highly rarified. | | : 
Auguft 16. 1677. 1. put flies eggs into an exhausted receiver. 
No worms being produced, I admitted the air into the receiver, and 
deft . all things in the fame pofture, to try whether the eggs had loft their 
faculty of producing worms. | 


Sept... ‘The eggs produced nothing | | ia, 
le ital 


This experiment feems to fhew, that infeéts may be generated, and 
live in air highly rarified ; but not at all-7z vacuo. 
(72.) March 17..1677.I put two equal quantities of ei ie INtO, Frog-fpaesn in 
} gm ; 5 cluded in vacuo 
-two glafs veflels of equal bignefs ; [left the one in. an exhaufted receivers and in commas 
-expoied to.the fun ;. but the other, being in a receiver full of common air, +” 
Vot. Il Hhhh a J 
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Pueumarics.[ fortified againft {the accefs of the external air. The frog-fpawn 
in vacuo, all {well’d into bubbles. 

May 2. No frogs were produced in either receiver ; and the fpawn, 
kept iz vacuo, remain’d ftill full of bubbles: but, about three days ago, 
all the bubbles vanifh’d, and the fpawn was changed to a green liquor. 

uly 2. The receivers remained in a window, expofed to the noon-day 
fun; fo that fome water, mix’d with the frog-fpawn iz vacuo, and 
the very {pawn itfelf was elevated inte vapours ; and afterwards, ftick- 
ing tothe fides of the receiver, out of its own veflel, was there con- 
denfed: but the veflel, kept in the common air, ftill contained all its wa- 
ter, together with the pawn. : 

Afioginvacvos (73.) une 15. I fhuta frog in an exhaufted receiver, at about fe- 
ven of the clock in the evening, and about nine the frog died. 

une 16. I repeated the experiment, and again perceived, that the 
dead frog, in two hours fpace, had produced fome air, rather than con- 
fumed it. 

June 18. The frog, hitherto left zz vacuo, was {wollen very much; 
bp the air, now entring, made her far more flaccid and lank than 

efore. | 

Hence it appears, that a receiver, void of artificial air, is lefs hurt- 
ful to fuch kind of animals. | | 
Fly blewings in (74.) Auguft 3. 1678. I put fly-blowings, upon flefh, into an exhaufted 
 -WaCuge receiver. 5 

Aug. 12. No worms were generated. 

Aug. 15. Perceiving no change in the eggs, I open’d the receiver, to try 
whether they would generate in the free air. — 

Sept. 15. Nothing was produced from them. 

Hence we fee, that animals, which may be generated, and live in 
5 highly rarified air, are killed zz vacuo. 

Vinegos-tdsia (75.) Aug. 22. 1678. I included vinegar full of {mall eels, or vine- 
Voda gar worms, in an exhaufted receiver. 

Aug. 29. The worms ftill moved, but were fewer than at firft. 

: September 6. Yefterday fome of the worms ftill moved, but now I could 
not fee one ; and ufing a microfcope, I found them all dead : but, in the 
vinegar, which I had left in the open air, the eels had as brisk a motion, 

as at the beginning. | | 

Hence it appears, that very minute animals are alfo affected by the 
prefence and abfence of the air. 

Fire tn compe (76.) May 14. I took a perfumed cone, which being once kindled in the 
apes ite , ireeair, will, by degrees, wholly confume ; and put it into a receiver firm- 
Ge ficchded, ly ftopp’d with a {erew: then I intruded air into it, till the mercury rofe 
0 aig pied one hundred and twenty inches above its wonted height; when, by a burn- 
owon aire ing-glafs, I kindled the cone, which prefently darkned all its receiver with 
fmoke, and, after fome time, feven eighths of an inch thereof, in length, 
were reduced to afhes; but taking out the cone, and blowing away the 
afhes, I found only the fuperficies thereof confiumed; the inner parts re- 
maining entre, i . 1 


wo» 
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I included another cone of the fame iort ina much groator receiver, but Pxzuxarics. 
MV Ned, 


did not comprefs the air therein: the cone, fired by the fame burning-glafs, 
was not taken out, till all the fumes abated and fell down ; yet, much lefs 
of this cone was burnt, than of the former. 


(77.) May 19. I weigh’d a perfumed cone exaGly, and then firmly inclu- : 
ded it in a receiver with common air, and kindled it by means of a burn 


- ing-glafs; when the fumes were condenfed, I took the cone out of the re« 
ceiver, and found, it had loft of its weight, almoft one grain. 

Afterwards, the fame cone, obferving the fame circumftances, was a- 
gain included and kindled; but firft I had intruded as much air into its re- 
ceiver as fuftain’d ninety inches of mercury; and, by means of a pair of 
{eales, found the lofs of weight, now, to be four times more than before. 

Hence it feems to follow, that the confumption of matter by fire is 
greater in proportion to the quantity of air contain’d in the receiver. 

(78.) May. 17.1677. included a perfumed cone in a receiver firmly 
ftopp’d by the help of a fcrew; and the air compreffed to fuftain fixty inch- 
es of mercury above its ufual height, I fir’d it with a burning-glafs; the 
cone being afterwards taken out, had loft three grains and an half in 
weight. | 

I repeated the fame experiment in air, fo compreffed, that the mercury 
reached one hundred and twenty inches higher than ufual ; then the cone was 
feven grains and three quarters lighter; and fo, tho’ the quantity of the air 
was not double, yet the confumption of the matter by fire, was.more than 
twice as much as in the former experiment. : 

May 17. 1 made the fame experiment in air, comprefled to fuftain 
ninety-feven inches of mercury; and, then, the lofs of weight feem’d to be 
fix grains. | 

Hereby we are taught, that the matter is the more confumed by 
fire, as the compreflure of the air in the receiver is the greater ; or rather, 
that the confumption is made in a proportion greater than that of the com~ 
preflure. Leryge 

May 18.1677. I intruded a perfumed cone, as before, in a receiver fe- 
ven times larger than that ufed in the former experiments; and crowded 
no air at all intoit. ‘he cone, kindled there, loft three grains and a quar= 
ter of its weight; whereas, inthe fame quantity of air, if reduced toa 
fifth part of its fpace, it would have loft ten grains. 

Hence it feems to follow, that the fame quantity of air, reduced to lefs 
than its accuftom’dfpace, caufeth a greater confumption, than in its na- 
tural ftate. 

(79.) May 19. 1677. Lrepeated the laft experiment, in the fame receiver, 


clofely ftopp’d with a fcrew, that nothing might get out or in. The cone | 


loft but one grain and a quarter of its weight ; whence I fufpeét, that ic 
was not well kindled. : | 
May 21. I made the fame experiment, in the fame manner; and this day 
the cone was lighter by four grains ; whence I more certainly collected, 
that it was not well fet on firein the preceding experiment. _ | 
H h h h 2 May 
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Perymarics. «Vay 23. T repeated the {ame experiment twice, but fufpec, that ‘the 
cone was not well kindled ; fince, at one time, it loft, only three quarters 
and at ahother,; one grain of its weight. fe ) 

May 24. I made the fame experiment'again ; and.this day alfo the lofs of 
weight was found ofly one grain and a quarter. Then I open’d the re- 
ceiver, and having wiped and cleans’d away the foot, repeated the experi- 
ment ; whéii the ¢one took fire very well; for the lois of its weight a- 
mounted to fix grains and an half. — - | Faye 

I tried the fame experiment again, in an uncleans’d receiver, and the 
cone loft only three grains. | L bir bobibmticio al 

May #5. 1 made the fame'experiment in a receiver well wafl’d; andthe 
cone was lighter by fix'grains and anhalf, ©) tol sila bawdt 2sttigh 

I made the’ fame’ experiment, in the like manner,’ in a well cleans’d © 
receiver, and thé cotie loft feven grains and an half. ' . | 

I made the fame experiment again, in an unwafh’d recéiver, and then I 
could not fufficiently kindle the cone. - | 

'May 26. I made the'fame ‘expefiment in an unwafh'd receiver, about the 
middle of the day; ‘the fun being clear, and bright; and-remoy'd not the 
burning-glafs for a long time, fo that it took fire very well, and became 
eight grains lighter. : ff i 

Hence it is manifeft, that the quantity of a cone to be confumed in the 
fame quantity of air is not fix’d and certain, but fometimes greater, 
fometimes lefs, as the cone fhall:'be more or lefs kindled. Befides, ‘the im~ 
perfect mixture of the matter may caufe fome ‘difference ; yet:it feems cer+ 
tian, that fire is more eafily kindled in comprefled air, than in’ common ; 
and the confumption will be the greater in a certain quantity of air, if 
that’air be reduc’d into a narrower fpace, than if it poflefs'd no more than 
ufual. ! 2 38 | | 

(80.) May 22. I put a perfumed cone into’a receiver made for compref- 
fing the air; and intruding the air till the mereury refted thirty inches above 
its ufual height, I kindled the cone, and found its. weight to be abated 
one grain and three quaters. Lt 

May 23. I made the fame experiment again, after the fame manner, 
and with the fame fuccefs. | ata | 

I repeated the fame experiment, but the cone did not kindle well. 
Whence we have a confirmation, that fire is more eafily kindled in-air much 

a compreffed, than in common air, ‘or that which is but a little condenfed. 

I repeated the fame experiment, and after I had remov'd the burning= 
elafs, whilft I was intent to fee, whether the cone would proceed to be con- 
fumed, the receiver brake into an hundred pieces, fome of which, ftruck 
my head and wounded it: which I mention, that no man may be 
confident his glafs will not break, whilft he is about fuch experiments, 
becaufe he has found, that at other times it refifted a greater prefiure.. 
For this very glafs, had contain’d air four times more comprefs’d. It had alfo. 
refifted air, fuftaining one hundred’ and ninety-eight inches of mercury a= 
bove its wonted height; yet, now it was broken by a preflure, more oe 
. ib xX 
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fix times lefs; and, therefore, while a man looks into fuch receivers, hisPszvmariest — 
head fhould be guarded. | | Vd) 

(81.) Fune 4.1676. I burnt paper, befmeared with fulphur iz vacuo, Five madenfe 
and found, that it prodced fome air; which was not at all diminifh’d for? Tene tie 
two days. | iprakded hitb . 
ing air muft be afcribed to the'paper, for none is produc’d out of fialluerar burnt im 
Pp ur alone. ; : 

(82.) Sune rs. I burnt harts-horn iz vacuo, and found, that the fumes, Harts-torn 
iffuing therefrom, .contain’d fome air. arf Sp gO) burntin vations 
 Gune 17; On thefe two laft days, I-repeated the fame experiment, and. 
always obferv’d, that air produced from harts-horn, was. foon, in party. 
deftroy’d ; but that, which preferved its elafticity for an hour after the 
burning-glafs was removd, feem’d, afterwards, not to lofe it at all. 

“ Fune 19. I took the harts-horn out of the receiver, and found no volatile 
falt, but only a fetid oil to be produc’d therefrom. | 

(83.) June 21. [burnt amber 7x vacuo, and, at firft, could not find that the Amber burnt. in: 
fumes afcehded above the height of one inch; yet, in a receiver full of air, they “""" : 
would be carried up to the top, and from thence return downwards ; yet, 
afterwards, even in the vacuum itfelf, the fumes reached almoft to the top of 
the receiver, but the mercury varied not at all in its gage. 

Fune 22. This night, a great deal of that water, in which I had immer-- 
fed the receiver, found a paflage into it, tho’ the cover was fo well fitted to 
the aperture, that I never perceiv'd any water to get in betwixt them, be- 
fore. Hence a fufpicion arofe, that fome volatile falt had, probably attracted 
the aqueous parts, by reafon of the congruity betwixt them. 

July 8. 1 ftill kept the receiver immerged in water, but no more: water: 
enteredin; asif, the falts being wafhed away, the external water, deftitute- 
of affiftance, could no longer infinuate. 

(84.) Fau.18.1677. I put two drams of camphire into an exhaufted re- Camphive fubse- 
‘ceiver ; and the junéture of the cover, with the’receiver, being fortified a-™4 ™ vacuo. 
gainft external air, I putthe camphire onia digefting furnace: wk 

Fan. 19. The camphire fublimed into flowers, but no air was produced. 

(85.) May 24. 1676. I included Sulphur vivum in an exhaufted:receiver, Sulphur vivum: 
‘and melted it by the help of a burning-glafs ; but found, that the fumes, fu/#4 in vacuo., 
‘produced therefrom, contain’d no air, becanfe: the mercury afcended to a 
the aperture of its gave, as is ufual, while the receiver is evacuating ;/yet, 
when that was cocl’d, the mercury return’d to its former height: and, 
‘therefore, that change was, probably, owing to the air ifcluded in the 
feal’d leg of the gage, being rarified, and: driving the mereury into the- 
other part. 

(86.) Fuly 19. Having included pafte, nine days-Ago, i vacuo, and per-~ Pafte expos'd to: 
ceiving that it now contain’d no more air, I endeavour’d to fire it: with te rh 
“a burning-elafs. ‘The fubfiding fumes had tinged the fuperficies of the vacuo.’ 
pafte, of a curious yellow ; and, I conjeétur’d, that fome air was pro- oF 
‘duced, becaufe the receiver, which, before, was clofely join’d to: its. co- / 
ver, might now, with eafe, be pluck’d therefrom. | | | ) 
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| Pavmarics. (87.) September 9. 1676. I exhaufted the air out of a receiver, half full 
The produétin Of dried grapes, and fortified it againft the external air. : 
of der from Sept. 10. In twenty-four hours time, the height of the mercury was 7. 
_ meagesinvacne sot, 12. In two days time, the afcent of it was 4. 
i 14. + 
17-e The afcent of the mercury was 5 + 
22. $ 
27. The afcent was £. The height three inches. : 
from’ fit Oétober 11. The height of the mercury was now about fix inches. 
September 9. 1676. I put dried figs into a receiver, and fill’d about. half 
of it with them ; then I extraéted the air, till the mercury refted at the 
height of three inches. 
Sept. 10. No air was produced. 
_ Sept.17. Perceiving no air to iffue out of the figs, I open’d the receiver. 
duce very little air with regularity. 
From pears sud 88.) Augu/t 5. 1676. I included pears and apricocks iz vacuo. 
 Sealtehaiael Aug. 6. In eighteen hours time, the mercury rofe two inches; in ten 
hours more, it reach’d to three. 


Au. ae The height of it was 4 4 1 


9. In fourteen hours fpace, the mercury mounted three quarters. 
Its height was feven and a quarter. 


Aug. 107. C83 | Aug. 184 2 ee 
II 104, 19 [29 
12 12> 20 is 
13 >The height of it was¢ 147 21 >The height of it was<¢ 32 2 
14 16 22 34 
15 | 18 23 35 
16J Loo | 265 A382 


‘Aug. 29. 'The height of the mercury was forty-one. 
Sept. 1. The height of it was forty-two and a half. 
4. The height of it was forty-four. | 
7. The three laft days, being hotter than the foregoing, the afcent 
of the mercury was two and a quarter; its height, forty-fix and a quarter. 
Sept.10. The height of the mercury was forty-feven and a half. 
13. The mercury was depreffed ; its height only forty-four inches. 
23. The mercury, by degrees, mounted again to forty-eight inches. 
27. The height of the mercury was fifty and a half. 
Nov. 5. ‘The mercury afcended, gradually, .to fifty-two and a half. 
Nov. 28. The apricocks were reduced to water; the skin being fever’d 
from the pulp, yet no more air produced. , 
Fan. 10. 1677. Whilft it froze very hard, the mercury rofe to fifty- 
feven inches; but, when it thaw’d, it funk to twenty-three. Whether 
the ftrength of the froft open’d fome way for the air to get out, I know 


not. 
eh March 


Hence we learn, that dried fruits, put into an exhaufted receiver, pro= 
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~ March 3. ‘The mercury could afcend no higher, becaufe the air wa’ got Pxrumaries, 


out. ‘This day I found the receiver tumbled on the ground ; and the apri- 
cocks, when the froft broke, were putrefied, and had loft their colour. 

Hence it feems to follow, that apricocks produce air almof as eafily in 
their wonted preffure, as iz vacuo. 


(89.) Fune 22. 1676. I put four cherries into two exhanfted YECEIVELS, From cherries 


and, proceeded with both alike, except that in the one, the cherries were 
whole, in the other, cut afunder; in two hotis, the whole cherries had 
impell'd the mercury into the gage, to the height of ten lines, and the cut 
ones to about twenty. | 
Fune 21. In twenty-four hours, the mercury, in the receiver containing 
the whole cherries, rofe to the height of three inches ; but, in the other, 
the gage was fpoil’d. | 
June 26. ‘The whole cherries had not yet produced fo much air, as to 
fuftain fifteen inches of mercury; but the cut cherries had wholly fill’d 
their receiver with air. 
Fuly 9. The receiver of the whole cherries was removed from its cover; 
I eat one of them, which tafted pleafant enough. I included the reft again 
an vacuo ; many of them were broke, and, in one hour’s time, they im- 
pell’d the mercury to the height of about two inches. 
July 10. During thefe laft twenty-four hours, the mercury afcended 
not: whether the gage was damaged, I am not certain. - 
Fuly 15. I found the cover fever’d from the receiver; whence it was 
clear, that the gage was hurt. 
Hence it appears, that fome cut fruit, fooner produce their air, than 
what is whole. | 
(90.) Fuue 9.1676. I put fome cherries, that were not acid, into an 
exhaufted receiver ; and, within an hour, found as much air produced. 
from them, as fuftain’d a quarter of an inch of mercury. 
une 10. In eighteen hours, the mercury rofe to eleven inches, i: 
Fune 11. The fruits produced lefs air, gradually ; fo that, this day, to= 
wards the evening, the mercury came not up to fifteen inches. _ 
June 12. The mercury was a little higher than fifteen inches. 
13. The height of the mercury was twenty-two inches. 
16. The mercury, yet, came not up to thirty. 
18. Perceiving no more air to be produced, I open’d the receiver. 
Such a {mall produétion of air feems very remarkable, becaufe I had 
found fruit, of the fame kind, in France, to fill their receivers in two days 
time. Probably, fruits of the fame kind, in feveral countries, differ much: 
amoneft themfelves. 


(91.) Sune 12. 1676. I put cabbages, eut in pieces, into an exhaufted From catbages: 


receiver, with a mercurial gage; and, in an hour’s time, the mercury 
afcended one line. : 
une 13. The mercury was now come almoft to the height of ten inches. 


17. It was come almoft tothe top of its gage ; and, the receiver 


being open’d, I found the cabbages little alter’d, | 
| June 
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Sune 19. Being left for two days ift the open air, they were wholly 


corrupted, and blackifh. I put them again ia vacuo, to try whether the 


From oranges. 


From a tulip. 


putrefaction begun, would promote, or retard the production of air. 


Sune 19. ‘The mercury, in half an hour, ran up half an inch. 
"a2. For three whole days, the.mereury got higher, only by ten 


lines. Ics height was one, and a third of an inch. 
Fune 23. Finding the cabbages produce no more air, Ttook them out 


of the receiver ; their fmell was very bad. 

Hence a fufpicion arofe, that bodies, when they putrefy, have produ 
ced almoft all their air. 

(92.) May 29. 1676. I took. pieces of orange, weighing four ounces, 
and put them into a receiver, capable of holding ten ounces of water; and 
exhaufted the air. 

Yune to. The receiver was removd from its cover, by the force of the 
air produced; fo that I took out the oran:es, and prefently put them into 


another exhautfted receiver, capabie of containing eight ounces of -water : 
» Cap g cig 5 


when, the mercury, within half an hour, was elevated to the height of ‘half 
an inch. | | 9 
Fune 13. This fudden afcent of the mercury was not durable 3 for it, 


yet came not to the height of two inches. 


- Sune16. The mercury, during the laft twenty-four hours, afcended 
about three lines. . 
© June rx. The mercury, the laft twenty-four hours, did not afcend the 
{pace of one line. : 

July 18. 1 perceiv’d no more alteration in the height of the mercury, 


but fome mouldinefs appear’d; tho’, I am certain, that no air, from — 


without, had enter’d the receiver. 
(93.) April 27. 1676. I put a tulip into an exhaufted receiver, with a 


- mercurial gage ; but, before it was fortified againft the external air, enough 


got in to fuftain two inches of mercury. 
May 2. "The tulip which, at firft, appear'd ftriped with various colours, 


was now wholly changed into a dark red, become moift, and produced 


Half a leamone 


very little air. 

(94.) Aprikaa. 1676. I put half of a lemmon into an exhaufted re- 
ceiver, with a mercurial gage, fo fhort, that the mercury could not afcend 
three inches. | ! b. 

April 24. In two days fpace, the mercury came to the height of an inch 
‘and a half. : % 

April 25. 'The mercury was now two inches high. | 
April27. Yefterday the mercury afcended four lines ; but, this day, only 


 Aprilzg. During the two lat days, the mercury mounted higher by one 


line. ; 
“May 3. In four days’ {pace, the ‘mercury afcended. one line, and a little 
more. © | aE. 

May 3. 1677. ‘The mereury came to the top.of the gage, yet no age sot 


‘out.; but the lemmon was a little alter’d. aie 


7 
y 
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 Fan.1.1678. Hitherto no air efcaped out of the receiver; but the Pxzumaries 
Jemmon had contracted a yellow colour, and a moifture. ST Oe 

(95.) March 16. 1677. I put two apples, of thefame fort, intotwo ex-Apples, 
haufted receivers ; one of the apples having begun to putrefy, but the other 
was only bruis’d by a few blows. 

May 15. 1677. Hitherto they feem’d in very good cafe; but now the 
apple, which was bruisd, appear’d wholly rotten, and the receiver was 
forc’d from its cover : the other apple remain’d without change. | 

Auguft 20.1677. The apple, which before began to be rotten, fuffer’d 
no farther alteration ; but, finding that the receiver was now parted from 
its cover, and fearing left the apple would be {peedily putrefied, I took it 
out: its tafte was grateful, inclining to acid, as ifit had been fermented ; : 
but the pulp fomewhat refembled meal in confiftence. ‘4 

Hereby it feems confirm’d, that fruits have produced the greateft part 
of their air, when putrefaction begins in them ; fince the putrid apple did 
not fill its receiver, but in a much longertime than the other. _ 

(96.) May 17.1676. I pour'd two equal quantities of milk into two¥il™ 
gla{s-receivers, of equal bignefs ; the one Lleft in the free air, and the other I 
included in an exhaufted veffel, with a mercurial gage. | 

May 18. 'The cream floated on the top of the milk, left in the free air ; 
but that iz vacuo, was only cover'd with bubbles, and the gage not alter’d 


at all. ! js 
May 19. The bubbles gradually {well'd; and the mercury, in the gage, 4 
was a little higher. : Be 

May 20. ‘The bubbles, iz vacuo, fwell’d yet more, and that milk feem’d . 


curdled; but the other, in the free air, was, manifeftly, curdled. ‘The 
‘mercury, i vacuo, came almoft to the top of its gage. : 
May 22. The milk, iz vacuo, proceeded to generate more air; and now 
it evidently appear’d to be curdled. Whence, it is manifeft, that the co- “a 
agulation of milk, when the air is taken away, is retarded. Almoft all | 
the bubbles were now broke. | 
une 20. "The milk, i vacuo, was no longer cover’d with bubbles, and | 
remain’d ftill coagulated in the fame ftate. But the milk, in the free air, 
became very fetid, and was full of worms. When it was put on the engine, 
and the air extracted, it emitted many very large bubbles, for a long 
time ; and the worms mov’d very vehemently, but not one of them died 
in four hours time. | 
May 19. 1677. Three or four months ago, fome whey, iz vacuo, waswiny. 
pour’d out of a veffel into a receiver, and it feem'd clear and limpid, dike 
water ; yet there was whey enough left in the veflel, to feparate the bu- 
tyrous from the cafeous part, ata fufficient diftance. , 
This day the milk, ftagnant in the receiver, feem’d to have got out of 
it ; fo that it is clear, the air, in the rebeiver, had a‘greater force than the 
external air; for the cover, alfo, was feparated from the receiver. 'To- 
wards night, I took that milk out of the receiver, and found it to be acid, 
both in fmell and tafte, yet it was not-ungrateful to the palate; but, after 
Vou. IL Tui ce | 4 
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cafeous and butyrous part, began to difappear, and to be blended with the 
reft. | , 

May 24. The butyrous part wholly vanifh’d; tho’, as yet, it had fuf- 
fer’d no fenfible mutation : but the milk began to fimell ill. 

Fune 1. Our milk had not, yet, contracted the worft of fcents; neither 
had it produced any worms : but it grew dry by degrees, and, this night, 
the mice eat it up, as, perhaps, they had the butyrous part before. 

Here we fee, that the coagulation of milk, when air is extrated there- 
from, is fomewhat retarded ; that the weight of the butter, of whey, and of 
cheefe, is not the fame in the air, as iz vacuo; for, in the air, they are con- 
fufedly mixed; but, iz vacuo, one {wims on the top of the other ; that 
the putrefaction of milk, when air is extracted, is hinder‘d, or very much 
retarded; and, laftly, that milk, by continuing long zz vacuo, is made 
unfit to generate worms, even in common air. 


(97.) September 5.1677. 1 took the fame receiver, and the fame veffel, . 


ufed before to preferve milk in vacuo, and included urine therein, as I had 
done milk before. The quantity of urine was about three ounces, and 
three drams, and the receiver capable of holding ten ounces of water. 

Sept. 7. The mercury reach’d to the height of almoft two inches. 

Sept.8. The mercury was fomewhat higher than yefterday. 

December 5. 'The mercury afcended not above three inches ; and, for the 
whole month paft, was not changed. The urine feem’d not to beat all 
alter’d. : 

Decemb.6. I fet other urine under a receiver, not defended againft the 
external air. : 

Decemb. 16. 'The urine, iz vacuo, ftill kept unalter’d ; but the other, in 
ten days time, feem’d turbid, and to have contracted fome mouldinefs on 
its fuperficies. | 

This experiment, compar’d with the former, makes it probable, that 
urine contains lefs air than milk. 

But the power of the air to corrupt urine, feems very obfervable. 

{98.) May 19. 1 took pafte, very much diluted, and without leaven, 
and putting it into a glafs-veffel, included it in an exhaufted receiver: and 


Ly 
Pszumaries. g fhort time, the whey, which hitherto had remained limpid betweefi the - 


. 


tho’ the veffel which contain’d it, were not half full, before all the air - 


was exhaufted ; yet the pafte had {wollen above the brim of the veftel. 
May 20. "The pafte continued to fwell, and was interfpers’d with many 
cavities. 


May 22. 'The pafte was much more tumid than before, and much air 


was generated therefrom , : 

May 23. In the morning I found the cover fever’d from the receiver, by 
the force of the produced. air, and fome of the pafte fpread above the 
edges of the receiver; yet its {welling was fomewhat abated. In the af 
ternoon, its {welling was much more abated, yet it took up twice more 
fpace than before it was put into the receiver. The tafte of it was not 
acid ;. and, therefore, I think, that bread, thus made, is very light. 


(99.) 
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(99.) Fuly 20.1676. I put a quantity of beef into an exhaufted receiver, Pxzumarics: 
defended againft the external air; and another equal quantity into a es “ 
ceiver, neither exhaufted, nor clofely ftopp’d. i 

Fuly 21. In thirty hours time, the exhaufted receiver was fill’d with air 
fo that I fufpetted. fome air had got in: and, therefore, included the Gime 
ee again, and fo clofed it; there was no fear any external air fhould 

er. 

Jey 22. In fourteen hours time, the mercury rofe to the height of fifteen 
inches. 

Fuly 25. For three whole days and more, the beef did not produce air e- ; 
nough to fill one half of the receiver. 

Fuly 26. 'The receiver was fever’d from the cover ; and inone hour’s time, 

I perceiv’d the beef, being again included in vacuo, had produced air enough 
to fuftain ten inches of mercury. : | 

Fuly 28. I found the receiver again fill’d with air, and re-exhaufting it, 
much air was in a fhort time again produc’d from the beef. 

Fuly 30. ‘The receiver being again fill’d, I again included the beef in va- 
cu°, and found, that the air produced from it in one hour, fuftain’d ten 
inches of mercury. 

Auguft 1. The receiver being this day fill’d again, the beef ftunk abomi- 
nably, and we threw it away. 

Hence it appears, that flefh, whilft it putrefies, produces much more air, 
than before it putrefies ; but ’tis otherwife in fruit. 

(100.) Fuly 18. 1676. I put fome goosberries, which I had long kept in Goosterries. 
receivers, to produce air, into one that was exhaufted. 

Within half an hour the mercury afcended tothe height of one inch. 

In an hour and a half, the mercury mounted another inch. 

July 19. In twenty-four hours time, the receiver was almoft all filled 


with air. 
July 20. The cover was forced from the receiver, and much juice run 


out. 
July 29. I left the fame goosberries in a receiver, not defended againft 
the external air; but this day Tincluded them again iz vacuo, to try, whe- 
ther they could produce any more air. : : 

uly 30. In fixteen hours time, the goosberries drove up the mercury an 
inch and a half into the gage. 

July 30.1677. The goosberries could not wholly fill the receiver; and - 
they always remaind in the fame ftate ; but a while fince they had almoft 
loft their red colour, and inclined to white. 

From hence it feems to follow, that this fruit, after it has produced all 
its air, fuffers very little alteration; as-if that air itfelf were the caufe of 
corruption. 

(101.) Auguft 23. I put pears into an exhaufted receiver with a mercurial Pears 
gage; and before the receiver could be well defended againft the external 
air, the mercury was rifen one inch and a half. 

In two hours time it afcended four inches ; its height being almodft fix.. 

Tiii 2 Auguft 
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‘Pxromartes. Aye ft 24. 'The height of the mercury was twelve inches. 
Auguft 25. The height thereof was fixteen. 
Aug.262% ‘The height ] 18 | Aug. 28 The height ({23 
a7 of it was 21 31 of it was ] 
a The height aioe The height 44% 
- of it was + )?), 5 of it was 453, 
38+ 6 50 


Sept.7. The height of it was the fame, becaufe fome air had efcaped = 
but I prevented that for the future. ie 
Sept. 8 5 33 
9 @The height of the mercury was < 54% 
10 


_ Sept. 12. Yefterday the mercury remain’d at the fame Heigl ; but now 
. it feem’d to be depreffed : whence I conje€ture, that fome air had got out. 
‘The height of it was fifty-three and a half. 

Sept. £3. Itranfmitted the air into another receiver: the height of itwas 
thirty-two and a half. 

Sept. 16.1 perceiv'd that the air had got out ; and opening the receiver, 
found the pears very rotten. | | 

Thefe pears produced their air irregularly, fometimes quicker, fometimes 
flower. 

102.) Sept.17. I put dried plumbs into an evacuated recéiver. 

Sept. 9. The mercury feem’d to have afcended a little. 

Sept.22. I perceiv'd not, that the height of the mercury was alter’d. 

Novemb.9. When the plumbs produc’d no more air, I open’d the 
receiver. | 

By this experiment, “tis confirm’d, that dried fruit is very unfit to pro- 
duce air. | 

(103.) Sept. 28. I put frefh nut-kernels, cut to pieces, into an evacuated. 
receiver, with a mercurial gage. 

Sept.29. The mercury afcended a little. 

Sept. 30. The height of it was two inches. 

Oftob. 5. The mercury continu’d to afcend by degrees: the height of it 
exceeded fix inches. . 

Oftob. 15. The height thereof was ten inches. 

Oélob. 22. The height of it was fifteen. 

Nov. 28. The mercury was come to twenty inches, or more ; but now 
the receiver was thrown down and broken, and the nut-kernels featter’d: 
they were preferv’d very well, both as to colour and tafte. 

Hence we may conjecture, that air, without fenfible putrefaction, is 
producible from ice even of a hard confiftence. _ . 

The froduftion (104.) Fune 22. I included new peafe in a receiver, with a-glafs full 
id ah te of raifins of the fun bruifed, and mixed with water; and did not exhauft 
peafe, raifins, the air. | 
and eaesin "Towards evening, the mercury had mounted to twelve inches ; but.a 
great part of that air was produced from the raifins, not from the peate. 

Fune 23. Lhe height of the mercury was forty-nine. Sfune 


Dried plumbs. 


And unt-Rernels. 
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june 26 % The height 
28 of it was 


Sune ae The height f 75 
25§ of it was 90 
The peafe fweat, as it were, and grew yellow. 


Fune 30. The height of the mercury was one hundred and ten. 


Guly 1. ‘The mercury afcended not, yet noair efcaped, 


Guly 4. The height of the mercury was one hundred and twenty-four: 


Fuly 7. ‘Vhe height of it was one hundred and forty. 


Fuly to. The height remain’d the fame, but the liquor, which diftilfd 


from the peafe, got out. 


90 
| Gele] 
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Fuly 12. New liquor was produc’d from the peafe ; but the mercury con= 


tinu’d at the fame height. 


Fuly 13. ‘The liquor got out of the receiver, and fome air befides 3. 


whereupon I fet the fcrew, and new liquor, being in a fhort time colleéted, 


fortify’d the cover within. c 


Fuly 15. The receiver was broken in pieces; but the peafe, being fofter 
than ordinary, were eafily ftript of their husks, as if they had been par-- 


boil’d ; but they kept their ordinary tafte. 


(1o5.) Sept. 15.1676. I put unripe plumbs into an exhaufted receiver ; 1 punts iv 


and. before the receiver could be guarded againft the external air, the mer- 


-cury afcended an inch. 


Sept. 16. Intwenty-four hours time, the mercury ran up five inches, and 


its height was fix. . 
Sept.17. 'The height of the mercury was eight. 


Sept. 18 . 10 | Sept. 23 
ro Theheight )12 24( The height 
20 of it was 14 26 of it was 


22 18 28". 
Oftob. 1. The height of the mercury was thirty. 


Offtob. 4. The height of it was thirty-one, the weather fomewhat cold... 
br he height was 33+ 


O&Fob. st The height $32 Oéfob. 9 
ri 33 


of it was II 


Oftob. 15. For thefe two laft days, the cold being abated, the mercury: 


afcended {wifter; its height was thirty-feven. 


~ O&t0b. 17 38 | Oétob. 29 
19( Theheight _)39;] Nov. 2 
a4 of it was 41 5 of it was 
26 20 


The height 


45; 
4.6 
AT 


In this experiment, the air feems to be produc’d fometimes regularly, and. 


at others irregularly. 


(106.) Fuly 6. 1676. I put goosberries into an exhaufted receiver; but Iv Gooserries 
before we could prevent the entrance of the external air, it had impell’d thei vaswr 


mereury half an inch; and, afterwards, in half an hour, the air, produ- 


ced from the goosberries, impell’d it another half inch. 


In feven hours time, the mercury afcended four inches higher; and’ 


yefted at five. 


9 halt. 


Fuly 7. In fourteen hours, theafcent of the mercury was two inches and 


oe 
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2 
July 8. In 14 hours, the afcent of the mercury was 1 4. . 
In 10 hours, the afcent was 2. 
Fuly 9. In 14 hours the afcent of the mercury was 2. 
In rohours its afcent was r 4. 
July 10. Inz4 hours the afcent of it was x 2. 
In 10 hours the afcent of it was 3. 
Fuly 11. In 24 hours, the afcent of the mercury was 4. 
Fuly 12. In 24 hours, the afcent was 4. 
Now the mercury was brought to its wonted preflure. 
uly 13. In the morning, I found the cover broken ; and becaufe it 
was faftned by a {crew, to prevent its being fever’d from the receiver, 
I fufpected this happen’d from the internal air. I fubftituted another co- 
ver inits ftead. ) 

"  Fuly 14,15, 16, 17, 18. I perceived no change in the height of the mer- 
cury, becaufe the cover was not exaétly clofed ; and therefore I took out the 
fruit, and put part into another evacuated receiver, and the reft I ftop’d 
‘up clofely with common air, that nothing might get out. | 

In 4 hours, the mercury afcended 4 inches. 
Guly 19. In 14 hours, the afcent of the mercury was 1% 3 but, fufpett- 
ing the airto have efcaped, I fet the fcrew. 
In 9 hours, the afcent of the mercury was 11 inches. 
The cover broke, and the air efcaped. 7 
This experiment feems to prove, that goosberries contain much air, 
which, as foon as it is freed from the wonted preflure of the air, more 
readily breaks out, than when reftrained by fome ambient air, till the 
goosberries begin to ferment ; for then air is produced in a far larger 
quantity, tho’ the compreffure be greater. 


Inpaftein va. (117.) Fuly 8. 1676. I included pafte in an exhaufted receiver; and, 


» CUO> 


before it was guarded againft the external air, the mercury was come to 
the height of three inches; the air making an irruption from without : 
whence the pafte, which was much fwollen, loft about the third part of 
its tumidity. : 

A little while after, it fwell’d again; and, within half an hour, the 
mercury mounted higher by two inches. | 

In one hour’s time, the afcent of the mercury was two anda half; 
and the pafte continued to fwell. 
’ hs another hour, the afcent of the mercury was three inches and a 
halt. 

{nan hour more, the afcent of it was four inches and a half; and it 
refted at fixteen. 

Fuly 9. In fourteen hours fpace, the afcent of it was twenty-one in-= 
ches, and the height of the mercury thirty-feven. I fufpected that fome 
air had got out. When I fet the fcrew, the cover broke ; and, upon 
admiffion of the external air, the pafte, which always rofe, now abated 


about two inches of its tumidity; though it was lefs comprefled than 
before. | (ie e In 
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But, when I again endeavour’d to fet the ferew, the cover broke, fo 
that the air efcaped ; and the pafte was prefently fomewhat depreffed. 
_ In four hours, the afcent of the mercury was ten inches : the pafte a- 
gain {well’d, as before ; but, being willing to fubftitute a better fcrew, 
ae oes the air to enter; yet the pafte did not now fubfide, as 
efore. 

July 10. This night the pafte rofe again; yet it feemed to have pro- 
— duced no air. 

In four hours there was no afcent of the mercury. 
, An feven hours, the afcent of it was four inches. 

Gulyt2. I perceived no afcent of the mercury. 
13. It feemed to have afcended a little. 


17. Seeing no more air produced, I took out the pafte, and found 


it to have a fourifh {mell. 
This experiment feems to prove, that air may be produced out of 
pafte, in comprefied air, as well as zz vacuo. 
But the pafte was twice depreffed, becaufe the comprefled air, fudden- 
ly finding a way to efcape, was dilated; as happens in fprings, when 
carried beyond their point of reft: but, when that air was immediately 
repell’d by the external air, the pafte pitch’d, and was deprefs’d. 


ea. 
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In five hours, the afcent of the mercury was fifteen inches. PREUMSTIOS- 


(108.) Fuly 13. 1677 I included fome horfe-beans iz vacuo, with water ; In beans in vas 


when, thofe which were bruifed, feemed to {well much ; but thofe which” 


were left whole, fuffer’d no fenfible alteration. 
In two hours fpace, I faw no air produced, tho’ the beans continued 
to {well. : | 
Fuly 14. In twenty-four hours, the afcent of the mercury was feven 
inches. | ’ 
| Guly 15. In fixteen hours, the afcent of the mercury was three inches 
and a half. 
In eight hours, the afcent of it was one anda half; the height of it twelve. 
Fuly 16. In fourteen hours, the afcent of it was three. 
17. In twenty-fix hours, the afcent of it was fix. 
18. Intwenty-four hours, the afcent of the mercury was almoft nine. 
19. I ftopp’d the receiver firmly with a ferew, becaufe the air had 
got out. In nine hours the afcent was one inch. 
20, Intwenty-four hours, the afcent was three and a half. 
21. In twenty-four hours, the afcent was five and a half. 
22. In fourteen hours, the afcent of the mercury was two. 
23. In twenty-four hours the afcent of the mercury was eighteen. 
24. In fourteen hours; the afcent of the mercury was almoft 
five. ‘The height of it thirty-five above the wonted preflure. 
25. The receiver could not fuftaina greater preffure. I found the 
beans of a fetid {mell, not much unlike that of putrefied fleth. 
Hence it feems to follow, that beans contain muchair, and that itis pro- 
ducd in a moderate preflure, as well as 7” vacuo; fometimes more ne 
, Yo 


j 
J 
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Pxeumarics,Jy, fometimes more flowly. But, efpecially, that great inequality, which 
, happen’d July 23, is obfervable. 
In gorsberries  (r1og.) Fuly 23. I included goosberries in an exhaufted receiver, and 
messi: guarded them very well againft the external air. | 
‘In two hours, the mercury afcended one inch. 
uly 24. The height of the mercury was feven inches and a‘half. 
uly 25 t The height f 12 July 27 U The height 3 20 
26 § of it was 17 TSG? Sober aya Pe Ps 2 
July 29. The height of it was almoft 30. 
30. The height of it was almoft 31. I tranfmitted fome air out 
of this receiver, into another evacuated receiver; and the height 
of the mercury was 26. 
31. The height of the mercury was 35. 
. Auguft 1. The height of the mercury was 39. But fome air had efca- 
ped ; and going to ftop the receiver clofe, I fuffer’d more air to get out. 
The height of the mercury was 30. | 
Aug. 2. The height of the mercury was 39. I tranfmitted fome ais 
into another receiver. 
The height of the mercury was 31. 
Aug. 3. The height of the mercury was 39. ~ 
4. The height of the mercury was 41 


_ 
, 


5. The height of the mercury was 43. Itranfmitted the air in<_ 


to another receiver. : 
‘The height of the mercury was thirty inches. 
6. The height of the mercury was 43. 
7. The height thereof was 47. | 3 
8. The height thereof was 48. But the air being tranfmitted 
into another receiver, the height of it was 36. 3 
g. The height of the mercury was 41, in fourteen hours. 

Aug. to. The height of the mercury was 47; the air being tranfmitted 
into another receiver, the height of it was 35, in twenty- 
four hours. : 

ri. The height ofthe mercury was 38 and a half, in fourteen hours. 

12. The height of the mercury was 42, in twenty-four hours. I 
extracted the air, and the height of the mercury was 26. 

13. The height of the mercury was 33, in twenty-four hours. 


14 36 17) 44) 
1 tou height of it vas) 39 24 ern height was) se 
16 tei s 19 50 

I tranfmitted the air into another receiver; and the mercurial gage was 
fpoiled. I took out the goosberries, and found they had loft their colour, 
and almoft all their acidity. | 

From hence we may infer, that goosberries produce their air regularly, 
unlefs fomething be extraéted out of the receiver ; for then they acquire 
& power to produce new air more {peedily. 


(110.) 
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(110.) Sept. 12. I Py: crude grapes into an exhaufted receiver; but be-Pxzumarics, 
e 


fore they could be fenced from the external air, as much had POCA roo ycit 3 
She , grapes in 
fuftaind three inches of mercury. vacuo, 


Sept. 13 5 | Sept. 17 19 
14 The height of it was< 10 19@The height vas) 23 
16 17 20 25 
Sept. 22. The height of the mercury was 30. I ftopped the receiver 
with a f{crew. . 
23. The height of the mercury was about 30 and ahalf. | 
24. The height thereof was 32. 


+ Sept. 26 34.3 | Oblob. 2” 39 =. 
i The height 3 p i 4C The height 3 fe = 

a of it was e : | : of it was : = 

4 9 : 


30 37 4! 

Offot. 15. The height of the mercuty was 46. It afcended chiefly on 
thefe two laft days, when the froft was diflolved. 

Nov. 2. ‘The height of the mercury was 54. 

5. The height was 58. 

Fan. 10. 1677. Lhe mercury was come to the height of 70 inches ; 
yet I perceived no fenfible change in the mercurial gage, even when the 
cold was fharpeft; tho’ the grapes and their juice were turn’d to ice. 

September 21. Hitherto the grapes feemed. not alter’d; but the mercu- 
ry had afcended a little, becaufe the air found a paflage out. I open’d 
the receiver, and when the air broke forth, many of the grapes feemed 
to be wrinkled. The grapes had kept their tafte, but it was much more 
‘pungent: the juice continued tinged of a curious red colour. 

This experiment feems to inform us, that grapes produce not all their 
air, but in a long trac of time. 

(111.) Avguft 10. 1677. I put pears, cut afunder into an exhaufted re- I» pearsin vee 
ceiver. ‘Towards evening the mercury was rifen teninches. i 


Aug, 11 20 Aug. 15 55 
13 @ The height of it vas} 38 16 @ The height was< 60 
| 14 48 17 C68 
The air baing tranfmitted into another receiver, the height of the mer= 
cury remained at 53 and a half. 
Aug. os The height £61 | 4vg.20% Theheight [70 
19 of it was 64 21 of it was 272 
The air being tranfmitted. into another receiver, the mercury remain« 
SU ameO1. | 
Aug.22% Theheight £68 | dug.24% Theheight £79 
23 of it was 74. 25. ofitwas 281 
The air being tranfmitted into another receiver, the height of the mer- 
| cury was 61. 


Vou IL. Kkkk Aug. 
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 Preumaries. yg, 26. ‘The height of the mercury was 56. Some air having, got 
out, I tranfmitted the reft into another receiver, and the mercury remain’d: 


at 52. | 
Aug; 27 60 Aug. 30 , $3 
28 >The height of it was< 68 31 ~The height was< 88 
Sept. 1 93 


29 75 
Sepremb. 2. The height of it was roo. RS 
Sept. 3. The height. of it was 89 ; fome air having efcaped, which 

made me cautious to prevent the like for the future. 

Sept. 4. The height of the mercury was Loo. 

5. The fame height continued. 

7. The fame height ftill continued, tho’ no air efcaped. 

9. The height of the mercury was 107. 

10. The height of the mercury was the fame. 


‘The air being tranfmitted into another receiver, the mercury refted 
at 99. z, | 
Sept. 11. The mercury moved not. 
13. The height of the mercury was 104.. 


Oftober 8. I found that the air had got out. ; 
This experiment feems to inform us, that ;pears produce their air by 
fits. | , 
Mifeellaneovs — €(112.) March 16.1 melted down lead, witha fire, in 2 brafs veflel, whofe 
experiments, and dia meter was an inch and half; but before the-lead..was concreted by: 
firft, melted lead Phe ; é t é aa z 
andtin cooled cold, I put it into a receiver, out of which I fuddenly exhaufted the air ; 
invacu = ~whence the figure of the lead was concave, and the parts of it the more 
depreffed, nearer the center : but lead, congealed in common air, exhibits a 
convex figure, except in the middle, where there is a little cavity. » 

I made the fame experiment on tin, with the fame fuccefs ; and tho’ 
both metals being fluid, and very hot, had remained long: zz vacuo, yet no 
bubbles feemed to rife from either ; but all other hot liquors. feem to 
yield numerous bubbles zz vacuo. : . 

Sel and water (113+) Sept. 2. I put water, faturated with falt, 2m vacuo; to try whether 
in vacuo, it would be there converted into cryftals, and the falt be carried above the: 
fuperficies of the water, as happens in the free air. | 

Sept. 15. The water, with the diffolved falt, abiding in the fame ftate, 
I open’d the receiver ; and, as no vapours could efcape, *tis reafonable to 
judge, that the fale could not there be converted intocryftals. 

The air ofoos  (114.) Anguft 8. 1676. I put air produced from goosberries, into an 
berries in vacu» evacuated receiver, furnifhed with a mercurial gage. eo. 

March 1. 1674. 1 perceived no change in the height of the mercury, 
and therefore, open’d the receiver. 

the weight of — (115.) Anguft 8. I took a vial, able to hold feven ounees, five drams, 

air tothat of and three grains of water, and exhaufted the air out of it; and, when, 

a in abalance, it was fufpended in equilibrium, with another weight, : 
| | pierce 
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pierced the bladder which cover’d the orifice, witha needle; and then, the Pevxacies, 
vial being fill’d with air, appear’d heavier by four grains anda half ; which “ ¥™_ 
latter weight to the former, is as 1 to 814: whence it follows, that water 7 oy 
is about, at leaft, 800 times more ponderous than air of an equal bulk. 

This day was hot and clear; and fome air is always left in the receivers 

after exhauftion. : 

(116) Fan, 16. 1677. 1 put Agua fortis, with fixed hitre, into A Le= Aqua fortis, 
ceiver ; and, having exhaufted the air as much as I could, poured one of 2”4 fixed nitre 
them on the other, and found much air produced. I marked the height pe 
of the mercury in the gage. 7 

* March 5. Finding the produced air was not deftroy’d, and that the 
mercury perfifted at the fame height, I open’d the receiver, and found 
nitre produced zz vacuo from the mixture. , 

(117.) May 12. 1677. I fill’d a Jong and very narrow-neck’d Vial, oit water, amen 
with oil, up to the middle of the neck, and put it into a receiver, firmly Spirit of wine in 
ftopp’d by the help of a fcrew ; into which, I afterwards intruded air, myae 
till it fultain’d 120 inches of mercury above its wonted height. The oil, 
in the neck of the vial, appear’d deprefled about a quarter of an inch; 
the caufe whereof I judg’d to be the compreflure of the air : but, having 
eafed the fcrew, and thereby fuffer’d the air to break in, and be dilated, 
the oil did not afcend at all; fo that, I fuppofe, it was condenfed only by cold. 

Auguft 5. I made the fame experiment, after the fame manner, ufing 
water inftead of oil; yet could perceive no change of the height of the 
water in the neck of the glafs; tho’ the heat, being moderate, might have: 
produced a fenfible effect. , 

Jan. 14. 1678. Finding, by fome experiments, that comprefled air en- 
tersinto the pores of the water, and pierces even to the bottom, a fufpicion 
might arife, that the water was not condenfed by the comprefied air, becaufe 
the air entring into the pores, made the preffure within equal to that from 
without ; I, therefore, filled the abovefaid glafs with {pirit of wine; 
leaving only the length of three inches in the top of the neck thereof, which 
was filled with air only, Then applying my hands to the glafs, the {pirit 
of wine, being heated, foon filled the whole neck to the top. ‘The glafs 
being now inverted into a veflel of mercury, I removed my hands, when 
the {pirit of wine being foon cooled, fuffer’d the mercury to poffefs three in- 
ches in height. I put the veflel, -and the glafs, in that pofture intoa re- 
ceiver, and afterwards comprefled the air therein, till the mercury ex= 
ceeded its wonted height 90 inches; yet there wasnofenfible condenfa- 
tion of the fpirit of wine, nor any afcent of the mercury : however, it is 
certain, that no air had crept in, becaufe the mercury hinder’d it; and 
the receiver being open’d, when the air, that compreffed from without, was 
dilated, no bubbles appear’d in the fpirit of wine. . | 

Here it feems worth enquiring, how the fpirit of wine was fo fenfibly 
condenfed by a moderate cold, and not at all by a great compreflure of 
the air. | 


| 
| 


| 
| 
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—Pwevmaries. (118.) May 12. 1676. I poured fpirit of wine into a glafs veffel; and 
LF ome added fome drops of oil of turpentine thereto, which fwimming upon the 
dnd oof tur. {pirit of wine, began to be there whirld about. I put the glafs veffel 
_ featineinvace- on the pneumatic engine, and cover’d it with a receiver ; yet the bubbles 
didnot at all ceafe to move up and down. 'ThenI pump‘d out fome of 
the air; when, the bubbles, emerging from the fpirit of wine, adhered 
to the drops of oil, and carried them to the fides of the veffel, and 
there detained them ; yet two drops, free from fuch bubbles, proceeded 
to have afurther motion. Afterwards, I wholly exhaufted the receiver, 
and fome drops rofe to the top thereof, by the force of the bubbling {pi- 


¥ 


rit of wine ; but the remaining drops continued to be moved a little, — 


and foon after refted. The air being admitted, the drops began again 
to renew their motion, but it was flow, and quickly ceafed. ieitete:. 
~  T repeated the experiment with fpirit of wine, and oil of turpentine, 
purged from air; and no ebullition was then made, nor did any bubble 
appear: but the drops of the oil of turpentine were moved #z vacuo, as in 
the open air. 
Hence, it feems to follow, that the caufe of the motion of the drops, 
is not owing to the diflolution ; for all diffolutions iz vacuo, have, hitherto, 
| feemed to me, to produce bubbles. | 
Rediftesand (119.) May 19.1676. Yefterday Llefttwo radifhes zz vacuo, one of them hang- 
‘aret in vaevo-ing with the root downwards, the other in .a contrary pofture ; and both cut 
tranfverfly, refted over a veflel, which contain'd red wine. Thefe remaining 
for a whole night iz vacuo, feem’d well purged of their air. Opening the 
receiver, 1 added two other radifhes to the former, cut after the fame man- 
ner, having firft taken off their thick skin. Then Liege, the receiver, I 
immerg’d the cut part of all the radifhes, at once, into the fubjacent wine ; 
upon which, many bubbles feem’d to arife from them: and more bubbles 
proceeded from thofe radifhes which were purged of air, for a whole night, 
than from thofe which had not remained above half an hour iz vacuo, 
with their skins off. : 
Hence bubbles feem to be formed of particles of air, fwimming in wa- 


ter ; and becaufe, in the skin there are fome canals, fit to retain parts of 


air, the peeled radifhes afforded no opportunity for the formation of fo 
many bubbles. 
The liquor afcended no Jefs into thofe radifhes which hung with their 
roots upwards, than into the others. 
® ean: (120.) May 4. 1676. I immerged one end of a fmall open glafs tube, 
water, theimfu- into water ftagnant ia vacuo, and prefently the water afcended up into 
a tri it, as ufual in common air, and tothe fame height ; but, foon after, many bub- 
of wine, inva- Dles being formed there, raifed the water higher, and kept it fufpended 
ity in three different places, intercepted by many bubbles; and feveral other 
bubbles feemed to pafs out fromthe end immerfed in water. 
Then fealing the other end of the tube hermetically, and making the ex~ 
periment in common air, the water afcended not up into the tube -at the 
epenend. But, iz vacuo, it afcended therein, as if it had been opti 7% 
o 


\ 
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both ends ; and many bubbles fuddenly formed, feparated the water, 
contained in the tube, to a great diftance, as before: in the mean time, 
many other bubbles feemed inceflantly to pafs out from the end of the 
tube immerfed, tho’ they afterwards appear’d lefs frequent. 

But the water being fufpended higher in the tube, feemed to contain 
no bubbles, whilft the end only emitted fo many. 

Then I took out that end from the water, and no more bubbles ap- 
pear’d, tho’ it was wholly fill’d with a cylinder of water. 

May 5. I repeated the experiment ; but before I had immers’d the end 
of the tube in water, a drop, which ran over from the upper aperture of 
the receiver, flowed down to the open end of the tube, and penetrated 
into it to the height of two lines; and no bubble was formed there ina 
full half hour. I, afterwards, plunged the end of the tube into the wa- 
ter of the veffel, and bubbles foon began to be formed as before ; fome 
of which fucceeded others within half a minute: but, afterwards, they 
were lefs frequent. Repeating this experiment, many times, I perceived, 
that when the water was extracted from the tube, no bubbles appear‘d ; 
butuf it-;were immerged in water, fome would adhere to the end of it, 
either fooner or later. | 

May 6. 1 made the fame experiment, with the infufion of nephritic 
wood, witha like fuccefs ; excepting that the bubbles emerged, and pe- 
netrated the liquor, before they had acquir’d any confiderable bignefs : 
whence we may conjeCture, that this liquor is very thin, and hath no vif- 
cofity to refift a pervading ‘body. 

Muy 10. I repeated the fame experiment with fpirit of wine, mixed 
with a certain oil, made per deliquium, but found nothing new ; only 
the liquor afcended not fo high into the tube. 

Hence the bubbles feem tobe formed, at the extremity of the tube, of 
aerial particles, {wimming in the water ; which finding fome impediment 
_atthatend, cannot pais by, and fo, new ones coming upon them, they {well 
into bubbles. 


Preumaries, 


end 


: 


(121.) Fuly 18. 1676. Two days ago, I took fome horfe-beans, and in- Hofe-beans and 


cluded them in-an iron tube, clofely ftopped; firft pouring water on the 
compreffed beans, till the tube feemed wholly full ; to try whether the 
expanifive force of the beans would break the tube. This day the tube 
feem’d not to be alter’d, but, the ftopple being loofen’d, fome air broke 
out, and much water, which was not imbibed by the beans, fell upon 
the ground: then we heard a noife, asit were, of bubbling water, for 
above an hour. | 

Guly 25. The tube remain’d in the fame pofture; but now one of 
the ends of it being unftopp’d, and fome beans taken out, the murmur 
of the-bubbling water was heard as before. | 

From’hence it feems to follow, that beans contain air, which, mn a 
great compreffure, cannot efcape ; but breaks out, if freed from the.com- 
prefling force. "its a 


(122.) 


in an iron tube. 
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| Se ae (122.) March 4. 1677. I put a glafs, half full of {pirit of: fal armo= 


Spirit of falrar- MAC, and copper. filings, nto a. well exhaufted receiver, and {fopp dit 
moniac, andcop-iy : 10 1§ minutes, the liquor had contraéted a blue colour, very much 


bey ings in diluted ; but, the air being admitted, in three minutes the bine colour 
appeared vivid and thick. I put the liquor, fo tinged, again iz vacuo, 
to try whether that colour would, in time, vanish. 
April 4. The blue colour almoft quite difappear’d, but quickly return’d 
4 upon admiffion of the air. : 
| pea? oil, (123.) May 8. I put a certain oil, made per deliquium, and fpirit of 
es ail wine, into an exhaufted receiver : the {pirit always fwam on the top ; and, 
| left the fpirit fhould bubble over the edges of the veflel, I extracted the 
| air, by degrees ; when, at firft, great bubbles arofe from the {pirit, and but 
very imall ones from the oil ; after one hour, the oil aflorded large bubbles, 
which, from being {mall at the bottom, fill’d, in their afcent, the whole 
“breadth of their veffel: and, after another hour, fome bubbles broke out 
with fo great fotce, that they hit againft the top of the receiver. 
May 9. I repeated the experiment ina glafs fomewhat long and nar- ~ 
row, that I might the better perceive the motion of the bubbles 3; and 
I ‘faw the bubbles paffing out of the oil into the {pirit of wine, with- 
out any great increafe of their quantity : but being diftant only one quar- 
ter of an inch from the fuperficies, they were fuddenly expanded, 
a ’ (124.) May 3. 1676.1 mixed a quantity of 4qua fortis, with 4 larger of 
qua fortis, ax : LATQUA AY . . 
| Spirit of wine, {pirit of wine ; then diftribured the mixture equally into three glafs veflels, and 
asim inv put three equal pieces of iron into them, to each veflel one. This done, 
2008 air. I included one of the three veflels iz vacuo; and there many great ebul- 
_litons were made. In a quarter of an hour I took out the veflel, and 
found the liquor black and turbid; whilft the other two veflels had their liquor 
not alter’d in colour; only fome black powder appear’d at thebottom. 
One of thefe two veflels I put 7z vacuo, and there arofe ebullitions, great 
indeed, but much lefs than the former : in one quarter of anhour, I took out 
the veflel,and found the liquor black, yet lefs fo than the former ; but that 
which was left always in the air, remain’d, in a manner, unchanged. 
May 4. Inthe morning, the liquors in the two veflels, put 72 vacuo, ap= 
pear d clear and green, / “4 
But that inthe.open air bubbled more flrongly, than it did yefterday, 
and was of ared colour. I put the three veflels together i vacuo, and per- 
ceiv d no remarkable ebullition ; only fome bubbles appear’d larger in the. 
red liquor, than in the other two. ) 
From hence it feems to follow, that {pirit of wine accelerates ebullition 
2 VaAcuo. 3 er 
spirit of falar .(125.) “fan. 21. 1678. Thada glafs half full of fpirit of fal armoniac;) 
-moniac_and and filings of copper, the mouth whereof was fo exactly ftopp’d, that the 
ips f blue colour, induced by the external air, now wholly difappear’d. ‘The 
egafte, ftopple was made of leather, prepar’d after a particular manner. 
his giats I fet zz vacuo, with unfermened paite, that the receiver being 
‘full of air, from the pafte, I might perforate the leather that ftopp’d de 
4 : | glals ; 


? 


7 
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slais; and try, whether the contact of the air, generated from the patte, AAS 


~ 


would alfo communicate a colour to the liquor. cis 

Fan. 22. There was no need to perforate the leather ; for I found the li- a 
quor already tinged: whence it is probable, that air produc’d from pafte, | 
is endud with fuch minute particles, as to penetrate leather, which is im- 
pervious to common air. 

Fan. 25. Lhe liquor became almoft colourlefs ; whence it appears, that 
common air is too thick to penetrate all paflages, which are pervious to air, 
produc’d from pafte. 

Feb. 2. 1 put the fame vial éz uacuo, but did not cement the receiver to 
the cover ; fothat the air, gradually entring, in twenty-four hours, fill’d the 
receiver, as it was leifurely fill’d with the air producd from pafte ; yet the 
liquor ftill remain’d colourlefs, 

Feb.15. I put the fame glafs again in vacuo, with fome quantity 
of pafte; but, this time, the air produc’d from thence, did not pervade the 
leather, as it had done before, and the liquor was not at all tinged. 

(126.) April 2.1678. I put a fhrew-moufe into the filtrating engine ; and, 4 jbrew-moufe 
when I perceiv’d him reduc’d to extremity, I beganto ftir the pump, that the tir flere at 
air, might be, as it were, filtred thro’ the water. "The moufe, a while thro” water. 
after, feem’d to be better, yet not wholly reftord; and having been long 
kept fafting, Iam uncertain, whether he died for want of aliment, or of 
new alr. 

April 12. I repeated the experiment witha fmall weakly moufe, that 
had been kept a long time without food. And finding the fame fuccefs as 
before, I took out the moufe before he was dead, but he recover’d not : 
fo that more experiments are requir’d, to fhew the effeét of this filtration. 5 ss 

(127.) May 2.1678. Six weeks ago, I included frog-{pawn in three re- weit Bhi ts 
ceivers, the firft of which was exhaufted ; the fecond contain’d common air; #", er 
and into the third, I intruded fo much air, that the mercury refted fixty su 
inches above its ufual height. 

In fifteen days, the mercury in the evacuated receiver rofe an inch. 'The 
{pawn in the common air feem’d corrupted, and of a blackifh colour; butthatin 
the comprefled air, remain’d unalter’din colour ; tho’ no frogs were generated. 

Ina month’s time, the {perm zz vacuo had not changed its colour, except- 
ing the black; round fpots; but feem’d reduc’d into water: the colour of 
that in the common air was very black, but in the comprefs'd air the {pawn 
began to be reddifh. 

As yet, no change was perceiv'd, either in the fpawn zz vacuo, or that 
inthecommon air; but in the comprefs’d airit appear’d redder. 

~ May22. The fperm 7z vacuo was not chang’d; in the comprefs‘d air it 
remaind red; but in the common air it again became colourlefs. 

une 23. The {perm iz vacuo, and in common air was not tinged, but in 
the comprefs’d air it inclin’d to green. 

Oéfob. 15. Itook the {pawn from all the veflels; that kept iz vacuo was 
almoft exhaled out of its veflel, and appeard ftagnant in the receiver, like 
clear water: that in the common air remain’d colourlefs; but that in the 


comprefs’d air ftill kept its red colour. . 
(328.) 


ew 


Rd ta” 
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 Reegpaite: (428.) May 9. 1678. Six days ago, I included two pieces of the fame 
Ovnges in e-OFange in two receivers, not quite of equal bignefs; in the greater, there 

ceive s, with was left fome quantity of water, fo that the fame fpace remain’d for the 


i 


gnd without Wae + +. : . ° : 
and withon! wa" iy i that, as in thelefs. ‘I'he orange included with water, tho’ it were not 
5 #; ¥ es 
toucl’d by it, was four times more mouldy, than that kept without 
water. 


And, therefore, in repeating this experiment, I put two pieces of the 
fame orange into two receivers; but fill’d the third part of one of them 
with water, yet fo, that it did not reach the orange. 

Sune 15. Neither of the pieces-had contracted any mouldinefs. | 

May 16. I vepeated the experiment with the fame fuccefs; only, neither | 
orange had acquired any mouldinefs in the {pace of more than a month ; 

: tho’, in former experiments, all fuch oranges grew mouldy. 

’ Mae caufe of the difference, feems to be fome particular difpofition of 
the air. 

‘Tupentineine 129.) Fune 1.1678. I put a fmall glafs tube, half full of Venice tur- 

ene sey pentine, into our wind-gun ; and had fcarce reduc’d the air to the tenth 
part of its wonted {pace, but the leather, {pread over the elliptic valve, 
was driven out; fo that, the air having efcap'd, I drew the glais-tube out 
of the engine, and found many bubbles formed in the fuperficies of the 
turpentine. I, therefore, fufpetted, that the air had pervaded the turpen- 
tine; andthat it would have penetrated deeper into it, if they had remain’d 
longer thus inclos’d together. I plac’d the fame tube in the fame gun, 
and there left it in air reduc’d to about the fifteenth part of its natural f{pace. 

Sune 3. 1 open’d the engine, and, taking out the tube, found the tur- 
pentine almoft free from bubbles; yet, by degrees, many were formed 
therein, in the parts remote from the fuperiicies. 

une 4. | put new turpentine into the fame tube, and included it 2# vacuo, 
that it might be the better purged of air; then I pourd the water upon ity 
and fhut up all in the wind-gun. 

une 8. 1 open’d the engine, and, at firft fight, both the water and the 
turpentine in the tube, feem’d to be very free from bubbles ; but foon after 1 
perceiv’d, that bubbles were form’d in the turpentine, and that they af- 
cended by degrees: fome of them feem’d to be made, almoft at the ve- 
ry bottom, about half an inch below the fuperficies of the turpentine. 
Whence we may conjeCture, that all the water, and fo great an height of 
the turpentine, were pervaded by theair, which formed thofe bubbles. 

spirit of fal-ae — (13.0.) Anguft 11.1678. I included fpirit of fal-armoniac, with a mer- 
“Soperfilings incurial gage, 72 vacuo; and after the {pirit ceasid to emit any bubbles, 
vacuo, I mix’d copper-filings therewith, which caus’d many bubbles to rife again ; 
but they were fo far from producing any air, that they confum'd what was 
there before. But the liquor became greenifh andturbid. ak | 

Decemb.s. The fpirit was almoft all exhaled out of the containing veflel, 

and, being condens’d in the receiver, remain’d ftill turbid, by reafon of 
~ much filth, which was included there: but that which was not exhaled out 
of the veffel, appear’d clear like water. The mercury, alfo, was areas 
expe) : 


t a r 
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expell’d out of the gage. Whence I conjecture, that theair in the receiver, Pxsumarics. 
was gradually more confumed.. SYN 

(131.) Sept. 2. 1678. I put two cylinders, one of tin, the other of lead, Cylinders of tin 
in vacuo ; their loweft parts wereimmerfed in mercury ; and, at the fame a ioe ae 
time, I immerfed two other cylinders, like the former, after the fame in vacuo, vane 
manner in mercury: but thefe latter were left in the free air. 10 common air. 

Sept.6. I open’d the exhaufted receiver, and the mercury in the tin cy- 
linder was rifen four inches and a half, above the fuperficies of the itag- 
nant mercury; and cutting the cylinder tranfverfly, in the middle of that 
height, the amalgam feem’d to have penetrated into the cylinder, about half 
a line. And cutting the cylinder tranfverfly again, in that part, which 
was diftant only one inch, from the fuperficies of the flagnant mercury, I 
found the thicknefs of the amalgam equal to one line. 

In the lead-cylinder, the mercury rofe two inches and a half; but, only 
as far asthe fuperficies ; and the very part, immerfed in the mercury, 
was not penetrated by it, to any fenfible thicknefs. 

Sept.7. 1 took the tin-cylinder left in the air, out of the mercury, in 
which it was immerfed, and found the mercury to have afcended to the 
height of five inches. 

Sept. 10. The fame cylinder being left in the mercury, feem’d to be be- 
fmeared therewith to the very top, fix inches, and more, above the fuper- 
ficies of the ftagnant mercury. When the cylinder was tranfverfly cut in 
feveral places, the mercury appear’d to have piere’d the deeper into the tin, 
the nearer it came to the flagnant mercury ; fo that in the part adjacent to 
the mercury, almoft the whole diameter of the cylinder, three lines broad, 
was penetrated thereby. 

In the lead-cylinder, the mercury exceeded not the height of three inch- 
es and a half; neither had it penetrated to any fenfible thicknefs. Whence 
it appears, that the weight of the air, contributes little or nothing to the 
afcent of mercury into metals. | 

(132.) Decemb, 12.1678. I took a {mall whiting, and having cut off his A whiting ince: 
head, divided him tranfverfly into five pieces; the firft whereof, I included Hef 
in vacuo, ‘The fecond in common air. ‘The third in air fo comprefs’d, asi» air com 
to fuftain mercury fifty inches above its wonted height. ‘Thefe three re- ES ae ae 
ceivers were clofed with fcrews. ‘The fourth piece was put into a receiver, Heft in the oper 
full of air, produc’d from pafte, which was prefently ftopp’d. ‘The fifth” 
was left in the free air. 

Decemb.15. Inthe morning, that part of the whiting, which was left in 
the free air, began to fhine; and, towards evening, it gave a more vivid 
light. : 

Decemb. 16. In the morning, the whiting left in the free air, ceas’d to 
fhine ; but towards evening fhone again. 

Decemb. 17. ‘This morning, the fame part of the whiting fhone a little, 


yet lefs than yefterday in the evening. 


‘os 


air, 


VoL. I. . L V1 Decemb. 
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Pxrumarics,. Decemb. 18. In'the morning, there appear’dnolisht, tho’ I long fix’g my 


. Artificial am 


eyes upon the receiver in a dark place; but the night coming on, the light: 
appear d again. © xIg o 

Decemb.20. Hitherto the fame part of the whiting left in the air, conti- 
nued to fhine ; but all the other parts did not yet begin to do fo. 

Decemb. 22. Yeiterday, the light of the whiting, left in’ the air, had not 
quite ceas’d, but this day it appear’d-no more. gO & 

Decemb. 14. ‘The part of the whiting in the free’ dir, entirely gave over 
fhining; that included in common air, did, ‘yefterday, yield a faint 
light ; but this day it fhone no more. : 

Decemb.26. No more light appear’d in that in the common air: but 
the three other pieces did not begin to fhine. | 

Fan. 26. 1679. 1 perceiv’d no more fhining in'any one of the receivers. 

(133-) Aug.3.1677. I tranfmitted air, produc’d from cherries, into q 


defiroy'd 5. and’ Yeceiver fullof common air, but fo ftopp’d with a {crew, that the mercu- 


firft that of 


cherries tranf- 


mitted into 


ry afcended to twenty-five inches above its ufual height. _ 
a Aug. 4. The mercury was deprefs’d about two inches. The height of it, 


receiver full of p15. day, was only twenty-three. 


697727300. AIT — 


Aug. 6. The height thereof was reduced. to twenty. 

Aug. 7. The height thereof the fame. | 

Aug. 8. ‘The mercury was fomewhat deprefs’q. 

Aug. 10. The height of it was nineteen and a half, above its ufual ftan=. 
dard: afd perceiving little or no alteration, | open’d the receiver. 

Hence we have a confirmation, that air, produc’d from fruits, at the 
beginning, isin part deftroy’d ; but, that the reft can very long retain the 
form of air. : : vs 


That of fal-ar- (134.) May 26. 1676. I put fix grains of fal-armoniac into a receiver,. 
woniac, and oi With a fufficient quantity of oil of vitriol: then, the air being exhaufted, I 


Tuo, 


And of oil of 
aitriol with # 
fifth pare of 


$0727000 A1Ks 


of vitriol, inva fore’d down the dalt into the oil ; whereupon, a great ebullition prefently 
_ follow'd, and the mercury afcended in the gage, almoft to its wonted height ; 


but prefently after it funk again, and returr’d to itsformer ftate. 

May 27. 1 repeated the experiment ; the falt remaining ten hours 7# va- 
cwo, before it was put into the oil; but the ebullition proceeded as before; © 
yet, the air was produced much more flowly, nor could it wholly be de-. 
ftroy’d, in feven or eight hours time; yet at laft the mercury defcended.” . 
to the very bottom. ules@ 

May29. 1 made the fame experiment again; leaving the materials for. 
twenty-four hours i vacuo: the ebullition feem’d much lefs, and the‘air 
was producd, both in a lefs quantity, and more flowly than before. I ob- 
fery'dalfo, that whilft the materials.remain’d iz vacwo, before their mixture, 
the mercury came nearer to the open end.of the gage, as if fome air had been 
either extracted or deftroy’d. : | | 

~ Fune 8. YT put oil of vitriol, alone,. into a receiver, in which, I left only a. 
fifth part of common air ; to try, whether this oil, without fal-armoniac, 
would diminifh the elaftic force of the air: but the force of the air was 
increas, and the mercury in one hout’s time feem’d to have afcended 2 

i | little 
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little into the gage; tho’, afterwards, for twenty-four hours no change Pxsumarics. 
| | | WANS 


happen‘d. | 

This experiment fhews, that fome artificial air may be deftroy’d; but 
why this deftruction happens, fometimes fooner, fometimes later, deferves 
a further enquiry. | 


(135+) Fuly 10. 1676.1 put pafte, made two days before, and now 1, digereonaan 


grown fourith, into a receiver, and ftopp’d it firmly witha ferew. . levity wherewith — 
Tn one hour, the height of the mercury was one inch. Oe ee eae 
In feven hours, the height of it was fix. avy in couiton ali’; 
Fuly 11. The height of it was eleven. | | ems 
Fuly 12. The height of the mercury was twenty-four. pie 


July 13.~The height thereof, was thirty. , ~ 

Fuly 14..'The height of the mercury was fenfibly greater. 

July t5. The mercury afcended a little. Meaturing its height exactly, 
I found it thirty-eight inches. ft 

Fuly 19. No more air was produc’dfrom the pafte. - 

Fuly 10.1676. I put another quantity of the fame pafte, much lefs than Pafte im 
theformer, into an exhaufted receiver. | | vacuo. 

Tho’ the quantity of the pafte was lefs, yet, in one hour’s time, the 
height of the mercury wastwo inches. 

In feven hours, the mercury came almoft to the top of the gage ;*but_ it 
was a fhort one. 

July 19. "The pafte was notable to move the receiver from its cover ; 
tho’, at the beoinning, it had produc’d.a greater quantity of air, than the 
pafte in common air. I endeavour’d to fire it with a burning-glafs, and 
the fumes, elevated therefrom, afterwards falling upon the pafte, tinged the 
fuperficies thereof, with a pleafant yellow colour: and that air was thus 
produced, I conjectur’d, becaufe the cover was afterwards eafily fever’d 
from its receiver... ,.. [Pula bon se pa hese Piha kee 

Hence we learn, that air is fometimes generated much more eafily iz 
vacuo, than in common air. vat?) he 

(136.) Auguft 20. 1676. I put pafte, kept for 24 hours, in a receiver 
full of common air ; to which I added new air, fo that the mercury ex- 
¢eeded its wonted height, four inches, and a half. ae 

In fix hours, the mercury gained almoft 4 inches; andits height was 8. 

Aug. 21. The afcent of the mercury was 4 and 2. : 

Aug. 22. The afcent of it was about 1. 

- 23. The afcent of it was half an inch. ie 
_ 26. For three whole days, the afcent of the mercury was only half 
an.inch. ©. | | 
27. There was no,afcent. of it at all. nisin 

7 29. The pafte,; taken out of the receiver, {melt acid. cabal thy 

Auguft 20. I put another quantity of the fame pafte into an exhaufted 
receiver, and obferv’d the fame proportion between the quantity of the 
pafte, and the capacity of the veffel, as in the former experiment. a 

The mercury prefently feemed to have afcended. » Its height was two 
inches ~ Li1ll;2 Aug. 
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Preumarres.: dye, 2't. “Ehe’afcent of the mercury ‘was’ ’5- 
tl Miia 22. The afcent of ic was 3. 

23. The afcent of the mercury was 1. | 

26. For three whole days, the afcent of it was 2. 

27. There was no afcent of the mercury. 

29. I took out the pafte, exhaufted of its air, fromthe receiver. 

This experiment farther confirms, that air is, fometimes, more eafily pro~ 
duced in vacuo, than in common air. | | 

Filberd-hernels — (137.) Sept. 4. 1677- I put the kernels of filberds into an exhaufted re- 


in vacue. 


ceiver. 
Sept 5. ‘The height of the mercury was 5 inches. : 
Sept. 6 10. | Sept. 11 rs 
7( Theheight Jro 12() 6 Theheight _)23 
A 8 of it was 12 13 of it was 27 
14 29 


9 15 
Sept. 15. The height of it was almoft the fame. 
17. The height of it was 30. 7 
18. This day the air began to get out of the receiver ; for fome 
bubbles appear’d in the turpentine, which clofed the jun@ture. 
of the receiver, and cover. » 
And flberd-ker (138.) September 4. I put kernels of filberds into a receiver with common 
a. tm common alr. r 
,, In the afternoon, the quantity of air feemed to be leflen’d. 
Sept. 5. The height of the mercury was lefs than half an inch. 
9. The height of it was the fame. 
7. The height of it was 1 inch. 
8. "The fame height continued. 
18. The fame height continued. i | 
This experiment confirms, that fometimes air is produced much more 
eafily 72 vacuo, than in common air. | chr 
Raifins with  (139.) September 15. 1677. I included 8 ounces of raifins of the fun, 
water in vaewe bruifed and diluted with a little water, in an exhautted receiver, able to 
hold 22 ounces of that fluid. + 4 
Sept. 16. "The height of the mercury was fix inches. 
Sept. 17 f The height : 10 | Sept.29%. ‘The height 5 29 
18 of it was 15 20 of it was 29 
Sept. 21. This day I found the receiver forced from its cover. 
Sept. 24. [took out fome of the raifins ; but thofe that remain’d, I en- 
clofed in the fame evacuated receiver. | 
Sept. 25. The raifins forced the receiver, now fult of air, from its cover. 
Andraifinswite September 15. 1677. I put 8 ounces of raifins of the fun, bruifed and di- 
water in  \uted with a little water, into a receiver, able to hold 22 ounces of water ; 
mame" but did not exhauft the air at all. | 
| “Sept. 16. The mercury was three quarters of an inch above its ufual 
height. iit ea 
ae 17. The height of the mercury was 1 and a half. 
| 18. ‘The height of it was 3. Sepr: 
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Spi iY +f Sona nmap | 
20¢The height of it was< 7 - 23 The height vasy 12 Waa Cie 
he 9 24. | 15 


Permitting the air to break out, many bubbles emerged from the raifins. 
This experiment further teaches, that air is fometimes much more eafily 
produced iz vacuo, than incommonair. © ~ 
(140.) February 7. 1677. 1 put three onions into an exhaufted receiver, Onionsinvatus © | 
Feb. 19. The height of the mercury was one inch. we 
21. The afcent thereof was again 1. ‘The onions were not alter’d. | 
25. The whole afcent of the mercury was 9. The onions not alter’d. 
May 4. The onions had yet fuffer’d no alteration. 
18. Neither were they yet alter’d. 


Gune 19. I found the receiver forced from its cover, and the onions 
rotten. 


Feb. 17. IT inclofed 3 onions in air, fo rarified, that it could fuftain only Onions in rari- 
ten inches of mercury. | eae 
Feb. 19. There was no afcent of the mercury. 
21. There was yet no afcent thereof. "The onions did not fprout, 
- but contraéted a mouldinefs. | 
25. The afcent of the mercury was about 7 inches. 
The onions received no further alteration. 
May 4. 'The onions were not alter’d. 
18. The onions were not yet alter’d ; but the receiver, by the force 
, of the produced air, was removed from its cover. “se 
February 17. I put 3 onions in a receiver not exactly fhut. And onions $0. 
° a Comm0y air, 
21. They contracted no mouldinefs, but {prouted. ; 
25. ‘They gradually took root. 
May 4. 'The onions began to be mouldy. 
This experiment makes it probable, that fome bodies produce their 
air not much more eafily 7 vacuo, than in rarified. air. 
It hence alfo appears, that vegetation is hinder’d, not only by the eva- 
cuation, but alfo by the rarifaction of the air. 
It likewife deferves our obfervation, that the onions, as long as their 
yoots {prouted, contracted no mouldinefs. 


(141.) Auguft 23. 1677. I put bruifed pears into an exhaufted recel~ The difference 


ver, witha mercurial gage. | beteoit ne 
Auguft 25. The height of the mercury was five inches. fruits, fhewn in 
Aug. 26 a 1o Ang. 29 21 aaa pears im 
a Ce height of it was< 14 30 ¢7The height was< 25 
28 18 31 ¢ | 28 


Sept. 1. The height of it was 30. 
2. The receiver was forced from the cover. ae | 
Auguft 23. I put whole pears into an exhautted receiver ; the quantity 4,2 «whole pears 


of the pears, and the capacity of the receiver, being the fame with. thofein vacuo. 
juf mention d. 


Aug. 25. The height of the mercury was 41. |. | 
: Aug, 


% 
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1, a 


AR 1 dug. 26 The height 4 17 || . Aug. 28 The height f 28. 


ae Nd Fy Sl OF it was 25 29 §, ‘ofitwas U% 30 
Aug. 30. The mercury afcended no higher; the receiver being forced from 
the cover.. ! 
This experiment feems to prove, that bruifed fruitsdo not produee air 
fo foon as entire ones. , 


Tn whole apples.  (142-) Auguft 14. Il enclofed whole apples zz vacuo, with a mercurial 


ples in vacuo, 


Grapes 1Q Vacu0c ¢ 


Fe AEE, gage, 


Auguft 25. The height of the mercury was 5 inches. 

Aug. 26 , 9 Aug. 29 19 
27 eThe height of it wass12 | 3 oer he height vas) 25 
Bias E5 dla soy, 7B Srow ocsisbt Bx C28 


2 
‘September 1. The height of it was 29. 
2. The height of it was 30. 
3. The receiver was forced from the cover. 
Auguft 24. I putan equal quantity of bruifed apples into an evacuated’ © 
receiver, of the fame capacity with the former. Foals 
dug. 25. The height of the mercury was 1 inch. 
26. The height of it was 3. 
27. The height of it -was 4. 
Sept.3. ‘The mercury continued at the fame height. 
25. The mercury afcended not. : | 
This experiment feems to inform us, that bruifed fruits produce air, 
flower than whole ones. si | | 
Anbrnifed grapes (143.) Auguft 25. 1677. I put unripe grapes, bruifed, into an evacuated 
ee. recewwen: 
Aug. 26. 'Theheight ofthe mercury wasone inch. 
27. The height of it was twoinches. 
28. The height of it was 2 anda half. 
29. The height of themercury was the fame. 

Sept. 15. The mercury did not afcend, but its height remained at 2 +. 
And whole Auguft 25. 1677. I put whole unripe grapes into an evacuated re- 
eiver. : 

_Aug. 26. The height of the mercury was three inches. 
~-27. The height of the mercury was five, 
Aug. 28 % The height 4 7 Aug. 30 ee height 5 12 
29 of itwas Ut 10 31 S$ of itwas U 13 
Sept. 1. The height of the mercury was 15. ~ 
2. The height of it was 16. a 
3. The height of it was 18. | 
4. The height of it was the fame. | 
Sept. 5. The height of the mercury continued the fame ; but almoft all 
sthe grapes had contracted a yellow colour. 
 Sept.7. The mercury refted at the fame height; and all the grapes 
<were yellow. ; 
Sept..25. Theheight of the mercury was twenty. 


And bruifed af- 


This 
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This expeitment fhews, that whole fruits produce air more readily than Pyeumaties: 
bruis’d. | LVN 
¢ 144.) Sept. 10.1677. 1 put two ounces of grapes, not bruis’d, into a re-y, whole grapes. q 
eeiver able to hold ten ounces of water. a 


Sept. 11. The height of themercury was fix inches. cin 
wie Fe The height ub | ieshe ae The height 7 | | ca 
; of it was is| 17) of it was 38 | 


Sept. 18. ‘The height of the mercury was thirty. ‘The grapes were not 
at allalter’d, 

Sept. 19. The height of the mercury -was the fame. 

Sept. 20. The receiver was not yet forced from the cover. ‘The grapes 
were notalter’d, but appear’d only a little riper. 

Sept.21. The receiver was forcd from the cover, tho’ nothing had 
efcap'd. 

Sept. 22. Inthe morning, the grapes: began to rot; I, therefore, included 
them again iz vacuo, — iid 

Sept.23. The height of the mercury was five inches. 


ap tk The height ei The height 3% 


25 ; 14 | 29 27 
16§ Of it was yard #6 of it was 38 


Oftob. 10. The receiver was not fore’d from the cover, till to-day: the 
grapes, by their colour, feem’d rotten, yet kept their firmneds. 4 
Sept. 10.1677. Lincluded two ounces of ripe, bruis’d grapes in a re- 4nd bmnis'd 


ceiver capable of holding ten ounces of water. a 
Sept. 11 4 | Sept. 15 15 
12( The height of the) 7 16( Theheight )18 
13( mercury was 10 17 of it was J20 
14 12 | £3" Ors 


Sept. 19. ‘Lhe grapes-had fever’d the receiver from the cover, and much 
juice was fpilt. | | 

Sept.20. I again put the fame grapes into the fame receiver ; but, be- 
caufe they had {pilt their juice by ebullition, I did not exhauft all the air: 
the mercury refted at the height of five inches. — RACES 

Sept.21. In the morning, the receiver, being now full of air, no longer 
adher’d to the cover ; fo that I took out the grapes, and tranfmitted them’ 
into another receiver, which I ftopp’d clofe with a fcrew, burt extratted 
no air from it. : 

Sept.22. 'The height of the mercury was eleven inches ; tho’ the receiver 
was able to hold twenty-fix ounces of water. i 

Sept.23. The height of the mercdry was nineteen. 
~ Sept.24. The height of it wasthefame. 

Sept. 30. The height of it was twenty. ERRORS 3 

Oétob.3. When the grapes produc’d no more air, I took them out, and 
found them of a bitter tafte ; being not yet perfectly ripe. 


This 


632 Phyfico-mechanical Experiments. 


.) Prevmatics.  'This experiment, compar’d with that before related, of unripe grapes, 
ae feems to intimate, that unripe grapes produce lefs air when they are 


we bruis’d, than when whole:; but that ripe grapes do the contrary. 
ey mason? (145.) Nov. 19.1678. I put apples into three evacuated receivers. In 
bles invaeno the firft was a found apple; in the fecond an apple bruis’d, and laid 
loofe in the open veffel ; in the third, was alfo a bruis’d apple: and the cover 
of this fo fitted the including veffel, that it ftraitly comprefs’d the parts of 
the apple; butin exhaufting the receiver, the air, formed between the 
parts of the apple, expell’d all the juice. 

Nov. 21. In the firit receiver, the height of the mercury was five inches; 
in the fecond, three; 1m the third, none. 

Nov.23. In the firft receiver, the height of the mercury was feven ; in 
the two others there was no change. | 

Decemb.7. Tn the firft receiver, the height of the mercury was eleven. 
"There was noalteration in the other two. 

Fan. 23. The firft receiver was now fever’d from its cover, by the 
force of the air produc’d a-new. In the two others there was no air gene- 
rated. 3 | 

May 20.1679. The third receiver. was fore’d from its cover; but the 
fecond had produc’d noair. ; 

This experiment informs us, that bruis’d fruits produce lefs air zz vacuo, 
than found ones ; contrary to what happens in common air. The reafon 
whereof, may, perhaps, be this, that fruits bruis’d are very much rarify'd 
2 vacuo ; whence the feveral principles, of which they confift, cannot act 
upon one another: but unbruis’d fruits, by. reafon of the entireneds of 

their ambient skin, fufter lefs rarifa€tion. © 
That ats (146.) Fuly 12.1678. I put rofes into two receivers, tobe ftopt with fcrews. 
fometimes unfit Qneof them contain’d common air uncomprefs'd ; but Lintruded fomuch air 
to produce moul-. sat . '. : ; 
dine{s, foewn ay into the other, as fuftain’d the mercury fixty inches above its wonted height. 

ee cared Aug. 2. The rofes in the common air, were, four days ago, turn’d yel- 
air. low, as if they had been wither’d ; but thofe in the comprefs’d air, kept 
their colour very well. . 

Feb. to. 1679. Thofe in the comprefs’'d air, retain’d their frefh colour. 

This experiment, compar'd with that made, laft year, with rofes, informs 
us, that the air, at different times, is differently affected ; fo that fometimes 
it hath-a power to hinder corruption, and fometimes to promote it. 


And by tulips (147.). May 22..Fifteen days ago, I included two equal quantities of 


«andlark-fpurs, flowers, in two receivers: into one of them, I thruft fo much air as fuf- 


tain’d the mercury fixty inches above its wonted height; but in the other, 
‘Tleft:common air uncomprefs’d. The flowers were tulips and lark-f{purs. 
Since that time no mouldinefs appear’d, except, only, that ten days ago, 
one half of thetulip, inthe commonair, being cut afunder, feem'd fome- 
“what mouldy ; and now the other half of the rite tulip in comprefs‘d air, 
feem’d alfo.a little mouldy. 
_ Someof the fowersfeemd as frefh, as when firft put in; efpecially thofe 
-4n the common air ; but in the comprefs’d air, they feem’d moifter. 
; ‘June 
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June 22. No more mouldinefs appear’d : whence we have it confirm’d,Pxsumarics. — 
that the air is, fometimes, unfit to produce mouldinefs ; fince, laft year, alltizcbange of 
this kind of flowers, contraéted a great mouldinefs. aight nade - 
(148.) Sept. 4. 1678. 1 expofed one dram of minium, in an open glafs, a et 
to. the fun-beams, concentrated by a burning-glafs ; and found that it loft tically fealed, 
i grain of its weight, though much of the minium had not been touch’d BY hosed ead 
the rays. thereto in ax 
(149.) Sept. 6. I took calcined coral, and endeavour’d to calcine efi 
ther, by the rays of the fun, in a fealed glafs; andthe whitenefs of the Eh is 
calx was fomewhat increafed hereby. ; 
Sept. 10. I expofed the fame coral again to the fun-beams, in the fame 
gilafs hermetically fealed, for two whole hours ; and, then weighing the 
glafs, found it had loft about +2 part of a grain, fince it was firft fealed. ne ee. 
(150.) May 23. I put calx of tin in a light glafs vial, hermetically fealed, tin, pa 
and weigh’d it exactly : afterwards I expofed it to the beams of the fun, 474 Julpbar. 
for a long time, by the help of a large lens; then the glafs, being again 
weigh’d, feemed to have loft <+ part of a grain of its weight. 
May 29. I repeated the experiment with minium, inftead of calx of tin, 
and the lof{s of weight came to -+ part of a grain. 
May 30. I endeavour’d to calcine the fame minium again, but fuch plen- 
ty of air was produced, that the glafs broke, with a great noife, into an 
hundred pieces. 
June 6. I made the fame experiment again with minium; and then re 
part of a grain was wanting of the weight. 
Attempting again to burn minium, the glafs alfo broke. 
Fuly 15. 1 ued wood-coals for the fame experiment, but the fun did 
not at all affeét them. 2 
Fuly 20. I expofed Sulphur vivum, to the beams of the fun, in the fame 
manner ; and tho’ it was eafily melted, and emitted many fumes, yet I 
found no change at all in the weight. 
Aug. 1. I kept the fame vial ftill, with the fower of fulphur } and often 
expoled it to the fire of the burning-glafs, without danger of being bro- 
ken ; becaufe fulphur produces no air: the fumes rofe, and, at firit, the 
fulphur bubbled ; but the weight remain’d the fame. | 
C151.) Nov. 6. A piece of roafted rabbet, being exactly clofed up, in an Bodies preferved 
exhaufted receiver, was two months, and fome few days after, taken out, yh if eid" 
ea appearing to be corrupted, or fenfibly alter’d, in colour, tafte, or reafted rabbets 
mell. | 
(152.) March 11. A fmall glafs receiver, being half fill’d with pieces Bread. 
of white bread, was exhaufted, and fecured. 
April 1. The receiver being open’d, part of the bread was taken out, 
and appear'd not to have been impair’d in that time; only the out- 
fide, of fome pieces of crumb, feem’d to be a very little lels foft and 
white, than before. There appear’d no drops, or the leaft dew, on 
” infide of the glafs, ‘The remaining bread was, again, fecured foon 
aiter. 
Vou. II. Mmmm > April 
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Prrumarics. April 18. 'The bread. was taken out again, and. tafted much as 

it did the laft time; the cruft being, alfo, foft, and no drops of water 
| appearing on the infide of the glafs. 7 

Milk. (153.) March 9.1 open’d a {mall exhaufted, and fecured receiver, 
wherein, about three months ago, we had included fome milk, which was 
well-colour’d, and turn’d, partly, into a kind of whey, and, partly, into 
a kind of foft curd. ‘The tafte was not oftenfive, only a little fourih, like 
whey; nor the feent fetid, but fomewhat like that of fourifh milk. 

Violets, (154.) March 5. Violet-leaves, put up, freed and fecured from air, be- 

ing open’d, April 7, appear’d not to have chang’d their fhape, colour, or 

confiftence ; but their odour could not be well judg’d of ; becaufe he who 
included them, had crufh’d many of them together, in thrufting them 
down; fince, by fuch a violation of their texture, ’tis natural for violets 
to lofe their fragrancy, and acquire an earthy fmell. | : 

(155.) Having carefully placed fome violets in an exhaufted receiver, of a 
convenient fize, and bigneds, and fecur’d it from immediate commerce with 
the external air ; after {even months, we look’d upon them again, and 
found they were not putrefied, or refolved into any mucilaginous fubftance, 
but kept their fhape entire; fome of them retaining their colour, but more 
of them having fo loft it, as to look like white violets. _ 

Sheep’s blood, (156.)- Nov. 5. We convey’d into a conveniently fhaped receiver, fome © 
ounces of fheep’s blood, taken from the animal, kill’d that afternoon. 
After the exhautftion of the air, during which, numerous bubbles were ge- 
nerated, that made the liquor {well confiderably ; the included blood was 
kept ina warm place for twenty days; and, during one or two of the 
firft, the blood feemed to continue fluid, and of a-florid colour ; but after- 
wards, degenerated into one, that tended more to blacknefs. oo 

Nov. 25. We let inthe external air ; and the glafs, containing the blood, 
being held in a light place, the greateft part of the bottom of it feem’d 
to be thinly overlaid with a coagulated fubftance, of a higher colour than 
what fwam above it; which, though it appeard dark, and almoft 
blackifh in the glafs, whilft view’d in the bulk, yet, if it was fhook, thofe 
parts of it that fell down along the infide of the glafs, appear’d of a deep 
fair colour. But, whilft the blood continu’d in the glafs, it was Pastry 

- pot to ftink; fince, even when it was pour’d out, tho’ its fcent feem’d, 
to me, fomewhat offenfive, yet, to others, it feem’d to fmell like the blood 
of a dog, newly kill’d. psa: 

Cream. (157.) March 17. Some cream being put up, and fecurd in an ex- 
haufted receiver, appear’d, a year after, to be more thick, and almoft like — 
butter, at the top, than in other parts; and afterwards, by being well 
fhaken together, in the glafs, it was eafily enough reduced to butter, whofe — 
butter-milk, by the judgment of thofe who were more ufed hereto than I, _ 
appear’d not different from ordinary butter-milk ; and, I found it had, 
like that, a grateful fournefs. "Lhe butter was judg’d to be a little. 
fouser than ordinary, but was not, as they fpeak, made. 


' 


(159) 


ae F f . . me r i 
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(158.) Feb. 18.We look’d upon three vials, that had been exhaufted, and fe-Pssuma rics: 
cured Sept. 15 lait ; the one of thefe had in it fome flices of roafted beef, Boren | 
the other fome fhivers of white bread, and the lat fome thin pieces of i : 
cheefe ; all which, feem’d to be free from putrefaétion, and look’d 
much, as when they were firft put in ; we, therefore, let not the air into 
the receiver, but left them, as they were, to prolong the experiment. 
(159.) Fed. 18. There was a fourth vial, wherein, about fix months be- Fur. - 
fore, had been inclos'd, and fecured fome july-flowers, and a rofe; yet, 
thefe being kept in the fame place with the reft, tho’ they feem’d a little 
moift, retain’d their fhape and colour, efpecially the rofe, which look’d, 
as if it had been lately gather’d. We obferv’d, in none of thefe four re— 
ceivers any great drops, or fo much as dew in the parts fituated above the 
included matter. 
(160.) Sune. 4. We left fome ftrawberries in an exhaufted receiver, and Straw-berrics. 
coming to look upon them after the beginning of November, we found 
them to be difcolour’d, but not alter’d in fhape, nor mouldy 3; we, there- 
fore, left them ftill in the receiver for further trial. 
(161.) May2. 1669. A piece of roaft-beef, fecur’d September 15. laft, ap— “heels, &e. 
pear'd to be not at all alter’d ; no more did a piece of cheefe, fecured in an- 
other receiver, and fome pieces of a French roll, fecured, on the fame day, 
in a third. | | | 
Flowers, feal’d up Augnft 12. 1668, being this day look’d upon, ap- 
pear'd freth. . : 
_ . (162.) Funes7. A pint of {mall beer, being put into a conveniently Small-beer. 
fhaped glafs, afterwards exhaufted, and fecured from the air ; the moft part 
of Auguft proving extraordinarily hot ; towards the latter end, there was, 
at feveral times, great thunder, which turn’d the beer in our cellar, and in 
moft of thofe of the neighbourhood, four. Sept.1.. The beer was open’d 
but did not feem to be four. ; 
(163.) Totry, whether the thunder would have fuch an effe@ upon ale, Az 
_exactly ftopt in glafs veffels, as it often has on it in ordinary casks; I caus’d 
fome ale, moderately ftrong, to be put into a conveniently fhaped receiver, 
and having exhaufted the air, and-fecur’d the glafs veflel, twas put into a 
quiet, but not a cool place. About fix weeks after the liquor had been in- 
clos’d, there happen’d fome very loud thunder; and our beer, upon this, tho’ 
the cask was kept in a good cellar, being generally noted to have been turn’d 
four ;I ftay’d yet a day or two longer, that the operation upon our included 
liquor might be the more certain and manifeft ; and then taking out the ale, 
found it good, and not at at all four’d. 
(164.) Some black-berries, included in an exhaufted receiver, Sept .21., Bhack-brvvies, 
1670. were opend Fune 20. 1673. and found free from all mouldinefs, and 
ill {cent ; only there was fome four liquor, which being taken out, the | 
berries were {ecur’d again. At the fame time, another parcel of the 
fame berries was exactly closd up ina receiver, whence the air was not: 
pump d; but coming, Offob 11. 1673. to look upon the glafs, we found it 
erack’d, and the fruit all cover’d witha thick mould. Nor was this the 
| Mmmm 2 only 
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_ Pxnomarics. only veffel, wherein, trials made to preferve fruits without any exhauftion of 

| ‘the air, mifcarried. | BE. ey 

O&tob. 11. 1674. The former berries iz vacuo, being look’d upon, appear’d 
much lefs black than before ; but did not feem putrefy’d, either by lofs of 
fhape, or by any ftinking fimell ; nor was the leaft mouldinefs obferv’d upon 
them, tho’ they had been kept in the fame receiver for above four years. 

Ale. (165.) Sune 14. We put a convenient quantity of ale into a bolt-head, 

~~ and feal’d it up hermetically ; the next year, Fuly 5. we broke off, the feal, 
and found the liquor very good, and without any fenfible fournefs. The 
next day, it was feal’d up again, and fet by for thirteen months; when, the 
neck of the glafs being broken, the ale was found four. We fee, how- 
ever, that a {mall quantity of ale was prefervd good, at leaft, above a 
year ; which is much longer, than that liquor ufually keeps. | 

Claret. (166.) Fune 14.1670. In a large bolt-head, we hermetically feal’d up a- 

; bove a pint of French claret, which, when we came to look upon Fuly 5.1671. 
appear'd very clear and highcolour'd, and had depofited a large fediment 
at the bottom of the glafs, but faften’d no tartar, that we could perceive, 
to the fides. Upon breaking the feal’d end of the glafs, we thought there 
was an eruption of included air, or fteams ; and, high above the furface 
of the wine, there appear’d a certain white fmoke, almoft like a mift, and 
then gradually vanifh’d: the wine continu’d well tafted, and was a little 
rough upon the tongue, but not at all four. 

The bolt-head was feal'd up again July 6.1671. and fet by, till duguft 
5.1672. at which time it was open’d again, and the wine {till tafted very 
well. | 

June 26.1673. The bolt-head, with the fame claret, being open’d, was 
found very good, and feal’dup again. Oftob. 11.1674. the fame wine was 
open’d again, and appear’d of a good colour ; it was not four, but feem’d 
fomewhat lef fpirituous, than other good claret; perhaps, becaufe of the 
cold. weather. | | 

Bodies préfers'a (167.) Ang. 3.1678. T included two apricocks in. two receivers, one of 

in comprei'd 4 which was exaétly fill’d with bruis’d raifins of the fun, and with water ; 

vvieeks with DU in the other, there were only lodg’d a few raifins, fo that the apricock 
raifins and wa-vas not touchd, by them, ortheir moifture, - 

: Sept. 10. 1 took out the apricock, inclos'd. with the water; and, whilft 
the air broke out, the fruit bubbled very much: the raifins had loft, almoft 
all their tafte, but the apricock preferv'd a pleafant relifh; and feenvd 
more pleafant than fuch fruit ufually is at that feafon of the year. 

Feb. 10.1678. The apricock, inclos’d without water, kept its colour 
and figure, only feem’d to have loft its firmnefs. 

This experiment informs us, that the tafte of fome fruits may be pre- 
ferv’d in an infufion of raifins of the fun; atleaft in veflels able to refift a 
great compreflure of the air. | 

(168.) Sept. 17.1678 I included peaches, with an infufion of raifins, 


Peaches in an \ 


infuhon of raie 1 CWO LECeivers, fhut with a {crewe 
fuss 


Sept, 
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Sept.21. ‘Too great a quantity of air prcduced in one of the receivers, PNzumaries. 
expell’d fome part ‘of the liquor. The onli receiver retain d its liquor. ayv~ | 

Sept. 25. ‘The receiver, out of which the liquor was expell’d, loft fome : 
more of it ; fo that a fifth, or fixth part, now feem’d empty : but, fetting 4 
the pe the liquor was then preferv’d. The other receiver remain’d un- : 
alter’d. 

Sept. 26. The fame receiver began, again, to leak, andrun over: I fet q 
the fcrew again. | 

Nov. 27. Our receiver, hitherto, feem’d to be exactly thut; but now I : 
opend it; and, whilft the air was getting out, the peaches bubbled very | 
much: one of them, which was of that fort whereto the ftone ufually ad- | 
heres, preferv’d its firmnefs, and a pleafant tafte ; but the other, being 
of the yellow-colour’d kind, was very foft ; yet the tafte thereof feem’d to 
be more pleafant than of the other. The liquor was very grateful. 

_ Decemb. 28. The other receiver feem’d unalter’d ; but, when I open’d 

it, innumerable bubbles immerg’d from the liquor, and from the peach. 

The peach, on one fide, had preferv’d its firmnefs ; on the other, it had ‘ 
loft it: but the whole was grateful to the palate, tho” fomewhat fharp. 

This experiment feems to teach, that liquors may grow four, tho’ no 
fpirits have evaporated from them. 

(169.) September 20. I included peaches, with unripe grapes, in two re- Peaches a 
ceivers, and filled them exaétly ; the one with apples bruifed to the con-S:fenintiion 
fiftence of a pultice ; and the other, with an infufion of raifins of the fun. | ofraif- oe 

Sept. 25. The receiver, fill’d with pulp of apples, hitherto feem’d 
unalter’d ; but, in the other, the air, which was generated, had thruft 
out half of the contain’d liquor, and impel’d the mercury into the gage, 
to the height of 100 inches; wherefore, I open’d the receiver, and the 
peach, whilft the air got out, was almoft reduced to the confiftence of a 
pultice: the tafte of it was /pleafant. | | 

I put another peach into the fame receiver, and fubftitwted a new in- 
fufion of raifins of the fu, inftead of that which was loft. 

Sept. 26. The mercury rofe to 30 inches above its ufual height. 

Sept. 27. The height of the mercury was 72. | 

28. The height of it was 90. The liquor work’d out. 
30. The fame height remain’d ; but the liquor was all .efcaped. 

Offober 1. All the air had, alfo, efcaped; wherefore, opening the re- 
ceiver, I found the peaches very foft, but of a pleafant tafte. 

O&tob. 3. ‘The receiver, filled with the pulp of apples, had loft.’no- - 
thing ; but now I perceiv’d, that almoft. all the juice of the apples had . 
runout: I open’d the receiver, and found its contents very much. fer- - 
mented. ‘The peach was very foft, but not unpleafant in rafte. 

This experiment informs us, that fruits cannot be long kept in pulp of - 
apples, becaufe of the great production of air; tho’ that .happens a little. 
later inthe infufion of raifins. . 

(170.) Sept, 23. 1678. L included peaches, with crude grapes, in: two rhaeetstinny 5 
receivers; one of which was exa@tly fill’d with pulp of apples, the other fief apsles, 
with unripe grapes, brusfed. O&tob, 


ts 


Lee y , Oftob. 1. The receiver, fill’d with pulp of apples, feem’d to have fuf- 
_™*' fer’d no alteration ; but the other, was empty of liquor : this, therefore, I. 
open'd, and found one of the peachesto have retain’d its firmnefs and 
tafte; but the other had loft its firmnefs; yet retained-a grateful tafte. 
Feb.5. 1679. The receiver, containing the pulp of apples, feem’d unalter’d : 
TL open’d it, and thegreat ebullition which arofe thereupon, manifefted, 
that a great compreffion of the air was made. The pulp of apples, and the 
peach, retain‘d a grateful tafte, but fomewhat more pungent than ordinary, 
This experiment fhews, that juice of crude grapes cannot, conveniently, 
be ufed for the prefervation of fruits, by reafon-of the too great produ- 
ction of air. | ye Me 
Pears included (174) Sept.25. 1678. I included two pears, called buttter-pears, in -a 
cvith the pulp of Yeceiver, exactly fill’d with pulp of apples. | 
apples. Sept. 28. I perceiv’d no alteration in the height of the mercury. 
O¢tob. 5. "The mercury was now rifen ry inches. 
O¢lob. 6. The height of the mercury was above 16. © 
_Ofob. 12. The mercury was not changed. thes 

Oitob. 20. "Three days ago, the mercury was deprefled, though nothing 
had efcaped. 

Oftob. 26. This day the receiver was crack’d ; though I did not find 
that the air was comprefled within it ; but, perhaps, the {crew was fet 
too high. ‘The pulp of the apples was of a very gratefultafte ; fo were the 
pears, tho foft, and one of them inclined to rottennefs. | 

Perhaps, the crack inthe receiver, was the caufe of fo little air being © 
produced in this experiment. 7 

Peaches inclofed (172.) Ottub. 1. 1678. I inclofed peaches in two receivers ; one of which a 

spots, aft we WAS filled with pulp of apples, and the other with unripe grapes, bruifed. 

vipe grapes. _ Oétob, 5. Much air was produced in the fecond receiver, and fome of 
the juice ran out. "The height of the mercury was 64 inches. 

Oétob. 6. "The juice continu’d to runout: the height of the mercury 
was 7o. 

Ofdh. 8. Now the juice feem’d to be all run out of the receiver; and 
the height of the mercury was 86. | 

Oéftob. 12..'The mercury remain’d at 86. 

Offob. 18. ‘The receiver, emptied of its juice, held the air very well; 
andthe mercury in it refted at 86. The other receiver, filled with pulp 
of apples, had, for thefe five laft days, fuffer’d fome juice to flow out. 

Decemb- 4. I open’d the receiver, fill’d with pulp of apples ; and tho’ all 
‘the juice was gone, yet it {till retain’d the air, very much compreffed ; and 
many bubbles broke out, not without noife, after the receiver was quite 
open’d. ‘The peach was very foft, and of a pungent tafte, like to that of 
{trong wine. | ia 

Fan. 22.1679. After the effufion of the juice in the other receiver, the 
mercury refted at the fame height. I open’d the receiver ; the peaches 
emitted many bubbles, and were wrinkled, but their colour was little 
changed’: their tafte was moft pungent, and inclining to acid. a 

This 
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Phyfico-mechanical Experiments. 
This experiment confirms the conclufions drawn from the former. 
(173-) Oftob. 4. 1678. I put peachesinto three receivers; the firft of 
which was filled with ale; the fecond, with hopp’d beer’; the third, 
with wine. ihe , | 
Ottob. 5. The height of the mercury, in the firft receiver, was 1s ; in the 
fecond, 10; in the third, 9. | ag 
Oétob. 6. The height of it, in the firft receiver, was 25 ; in the fecond, 
15 _; in the third, 20. | } | 
Oétob. 8. "The height of the mercury, in the firft receiver, was 35; in 
the fecond, 1§ ; in the third, 20. | | ‘ 
Oftob. 12. The height in the firft receiver, was 63 ; in the fecond, 153 
in the third, 28. | : 
15. The height of the mercury, in the firft receiver, was 813 in 
in the fecond, 15 ; in the third, 30. 


Prez UMATICS. 
Peaches inclu- — 


ded with ale, 
beer, and wine. 


16. ‘There was no more change perceived in any of the three. 


receivers. 


18. ‘The mercury rather defcended, than afcended in all the three. 


22. In the wine, only, the mercury afcended, or defcended, ac- 
cording to the degrees of heat and cold. 
24. The height of the mercury, in the firft receiver, was 96; in 
the: fecond, rs ; in the third, 30. 
30. The height, in the firft receiver, was 115 ; in the fecond, 20; 
in the third, 30. 
Nov. 3. The height, in the firft receiver, was 117 ; in the fecond, 20; 
in the third, 30. 
6. The height, in the firft receiver, was 120; in the fecond, 31; 
in the third, 31. 2 
11. The height of the mercury, in the firft receiver, was ‘105°; in 
the fecond, 31 ; in the third, 28. | 
‘The weather was cold. aE 
Nov. 16. ‘The height of the mercury was the fame. The peach, which 
hitherto.lay at the bottom, now mounted to the upper part of the liquor, 
in the fecond receiver ; the reft ftaid at the bottom. 
Nov. 25. The height, in the firft receiver, was 140 inches; in the f{e- 
cond, 47 ; inthe third, 32. - 
Nov. 28. The height, in the firft receiver, was 96 ; in the fecond, 36 ; 
in the third, 28. It was very cold weather. ae 
Decemb. 13. ‘The height, in the firft receiver, was 96; in the fecond, 
47 ; in the third, 33. Iopen’dthe third receiver, and found the: peach. 


firm, and of a laudable colour; but it had contraéted much of its tafte - 
from the wine, and might yet be improved by fugar:. The wine, alfo, . 


was grateful to the palate. - 


Decemb. 30. The height of the mercury, in the firt receiver, was 96. 
inches ; in the fecond, 47. I open’d the firft receiver ; when, the peaches, . 
which had fain, till then, at the bottom of the liquor, prefently emerg’d to™ 
the upper part, and emitted many. bubbles: the tafte: of the ale, of which ; 
they had greatly.partook, became pleafant, with fugar. — Hence. 


A 
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_ -Pxzumaries. Hence fermented liquors may be ufeful for the prefervation of fruits, 
, as being unfit to produce air. | 

(174.) Sept. 5. 1678. I included one whole peach, with another cut to 
pieces, in a receiver; into whch, lafterwards poured old wine, till it 
was exactly fill’d, and then hut it witha fcrew. 

Nov. 20. Nothing, hitherto, feem’d to be alter'd ; but, this day, I per- 
ceiv'd fome of the wine run out. | , 

Nov. 30. A third part of the wine was loft. 

Decemb, 8. The wine beginning again to run out, and there being but 
lictle of it left, I open’d the receiver, and found the peaches very much 
fermented, yet of a grateful, but moft pungent tafte. The wine, alfo, 
‘was pleafant. : 

From this experiment, compared with the third receiver, in the former, 

- -wemay conjeture, that wine hinders the fermentation of peaches, if ufed 
ina fuflicient quantity ; but here the quantity was not fufficient, becaufe the 
pieces of the cut peach fill’d the whole receiver, fo that no room was left 
for the wine, but in the interftices. | 

(175.) Octob. 11. 1678. I put two unripe peaches, one whole, the other 
‘cut to pieces, into a receiver fill’d with hopp’d and fermented beer. 

Oétob. 12. In one night’s time, the mercury afcended three inches. 

Oétob. 15. The height of the mercury was 15. 

16. The height of it was 15. | 

18. Theheight ofit 12. It was very cold. 

20. ‘The height of it remained at 12. 

22. The mercury afcended again. The cold abated. 

Nov. 2. The height of the mercury was 20. ! 
3. The mercury defcended a little. It was cold weather. 
6. The height of the mercury was 28. ‘The weather grew hotter. 
8. ‘The height of it was 33. 

rr. The height of the mercury was 40. ; 

12. ‘Uhe height remained at 40. Some of the beer work’d out. 

16. The height of it was 46. ; 

19. The height of it was.43. But much of the beer was loft. 

21. Fhe mercury afcended not, but the beer continued to work 
out. 

23. When the beer was almoft all work'd out, I open’d the recei- 
ver, and found the peaches very foft, yet of a grateful tafte ; 
tho’ they were kept for 9 hours in the free air, after the recei- 

| ver was open‘d. 

From this experiment, compared with the fecond receiver, we may in- 
fer, that beer hinders the fermentation of peaches, and the production of 
air, if ufed in a‘fufficient quantity: but here there was only a little beer, 
contain’d in the interftices, which was unable to hinder the fermentation of 
the peaches. | 3 : 

Raw bef ine _(176.) O€tob. 19. 1678. I included raw beef in three receivers ; the firft 
cluded with of which was exactly fill’d with ftale beer, forcibly intruded ; fo that the 


fiale beey, and 
common ‘ais 4 mer- 
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mercury exceeded its wonted height by fixty inches. The fecond was, alfo, ex— Pseematies 
actly fill’d with ftale beer, but here there was no compreflure made. The | 
third was fill'd, partly with the beef, and partly with common air. 

O&tob. 20. In the firft receiver, the mercury was deprefs’d to twenty 
inches below its ufual height ; tho’ nothing at all had efcaped out. Inthe 
fecond, alfo, it defcended ; but inthe third, it afcended a little, 

Ottob.26. In the firft receiver, the mercury fometimes afcended, and 
then defcended, very irregularly ; in the fecond, it began toafcend flowly, 
two days ago ; in the third, it was not mov d at all. | 

O&t0b. 27. A piece of the fame beef, which was left in the air, began to. 

{mell ill; and the mercury in the third receiver, began to afcend; in 
the fecond, it continu’d to afcend gradually ; but in the firlt, it feem’d ra- 
ther to. defcend. 

Nov. 3. 'The mercury in the firft receiver afcended not ; in the fecond, 
the height of it was twenty inches; in the third, ten. | 

Nov. 5. 1 open’d all the receivers, and the two firft had no -offenfive 
fmell, only contracted a fcent from the beer. The flefh boil’din the fame 
beer was very tender, but its tafte was bitter ; perhaps, by reafon of the too 
great quantity of beer. The beef included with common air, prefently {melt 
fetid, upon being open’d ; yet, when taken out, and applied to the nofe, 
it {carce feem’d to ftink. lIincluded the fame flefh in the fame receiver, to 
try whether new air being admitted, would promote corruption. 

Nov. 6. The height of the mercury was three inches. 

Nov. 11. The height of it was nine. 

Nov. 25. The height of it was twenty. | 

T open’d the receiver, and found the flefh fo fetid, that I was fored to 
throw it away. | 

From hence it feems to follow, that beer may help to preferve flefh, efpe- 
cially if it be forcibly intruded into the receiver; but this compreffure is 
foon abated, becaufe the air, comprefs’d in the fame receiver, is apt to 
enter into, and gradually pervade the pores of the beer. 

(177.) Nov.12. Lincluded beef, prefs’d together as clofeas I wasable, in Beef included 
three receivers: into the firft of themI pour’d water, mix’d with one fortieth pe Pls ly 
part of falt, which fill'd up all the interftices, left betwixt the parts of the flefh ; : 
the fecond, in like manner, contain’d fome fale water; but it was fo forci- 
bly intruded, that the mercury in the gage afcended fifteen inches, above 
its wonted height: into the third receiver, I pour’d no water, and there- 
fore thofe few interftices, which could not be poffefs’d by the flefh, were 

left for the air. } | . 
Nov. 13. The mercury defcended in allthe receivers, efpecially in the fe- 
cond, wherein was the comprefs’d liquor. 

Nov.18. The two receivers, which were uncomprefsd, did not drive 
the deprefs’d mercury upward: but that, whofe mercury had been im- 
peli’d to fifteen inches, and afterwards had defcended moft, now return'd 
almoft to its former height. A piece of the fame beef, being left in the air, 
began to {mell ill.. , | ie | 

Vou. II. Noann' Nov. 
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PurumaTics, Noy, 23. In all three receivers, air was produced a-new; but to-day 
the mercury, in the fecond, defcended three inches, and the height of it was 
twenty ; inthe other two “twas about fixteen. I open’d the firft receiver, 
and the flefh was not at all corrupted. . 
Nov. 30. I took that flefh out of the receiver, which was put in without 
falt, andit did not ftink at all ; but, being boil’d, was very tender, and of a 
pleafant-tafte. | | 
Decemb. 6. I open’d the receiver, into which I had forcibly introduced 
falt water. The mercury exceeded its wonted height by twenty-five inches. 
The flefh {melt ftrong, yet did not ftink: that zz vacuo yielded many bub- 
bles, which ceas’d not, till a pretty while after the receiver, in which it 
was included, was taken from the pneumatic engine ; then mercury, in 
one hour’s time, came to the height of three or four inches. I, afterwards, 
. immers’d the fame receiver fo exhaufted, in hot water; and the liquor, 
contain’d therein, bubbled very much, tho’ the water, from which it bor- 
row dallits heat, did not boil; but fo great a quantity of air was produc’d, © 
or had enter’d from without, that the receiver was quickly full. ‘The li- 
quor, contain’d therein, did not, afterwards, bubble, or boil, tho’ it were 
immere’d in boiling water. I took out the flefh, and found it pleafant and 
tender, yet lefs fo, than I expected; perhaps, becaufe it was not boil’d 


enough. 
Hence, water, as well as beer, may conduce to the prefervation of 
flefh. “ee ‘s : 
Oifters with (178.) Nov. 29. 1678. E inclos’d oifters in four receivers: in the firt 
their fhells, and e 


without, inclu. the oifters were without their fhells, and exactly fill’d the whole {pace 3 in 

ded in Jalt-wa-the fecond, the oifters, with their fhells, were included with common air ; in 

Media saree che third, the oifters alfo were included in their fhells; the remaining {pace 
of the receiver, being exaétly fill’d with falt-water. Thefe three yveffels 
were firmly clos’d with ferews. [he fourth receiver was exhaufted of air, 
and contain’d three oifters in their fhells, and eight taken out of their 
fhells. When the air was pump’d out of this receiver, the oifters freed 
from their fhells, emitted many large bubbles; but the three others fuf- 
fer’d no fenfible change, only one of them gaped. 

Nov. 30. In the three receivers, ftopp’d with fcrews, air feem’d to 
be confumed, rather than produced ; but the mercury iz vacuo afcended 
a little. 

Decemb. 4. Whilft the weather was cold, the mercury afcended not; but 
now, when the cold began to abate, the height of it in the firft receiver 
was feven inches; in the fecond, none; in the third, three; and in the 
fourth, three. 

Decemb. 5. The height of the mercury in the firft receiver was twenty 
inches ; in the fecond, one; in the third, three ; inthe fourth, five. 

Decemb.7. The height of the mercury in the firft receiver was thirty 
inches ; in the fecond, one; im the third, three; in the fourth, eight. OQ- 
ther oifters, left, at the fame time, in the air, {melt ill. 

Decemb. 9. In the firft receiver, the height was thirty ; in the fourth, e- 
fever. The re ft were not chang’d. ‘ Decemb. 
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Decemb. 13. There was no change in the three firft receivers : but in the Pyromarics. 
furth, the height was fourteen inches. PYNS 
Decemb.20. In the firft receiver, the height was forty-fix; in the fourth, 
twenty-four ; the reft were not chang’d, 
Decemb.21. In the firft receiver, the height was fifty-two; in the fourth, 
twenty-five; in the reft, no change. | 
Decemb. 22. The height of the mercury in the firft receiver was fixty; in 
the fourth, twenty-feven ; no change in the reft. 
Decemb.27. Inthe fourth receiver, the height was twenty-nine; the reit 
were not chang’d. 
Fan. 1.1679. The oifters in the third receiver, had ting’d the water 
black. 
Fan.25. The mercury iz vacuo feem’d ftill to remain, almoft, at the fame 
height. But this day, fome bubbles were form’d in the turpentine, by the 
internal air, about the juncture of the cover with the receiver. I, there- 
fore, open’d the receiver, and found the oifters very fetid. I, likewife, 
open’d the other receivers, and found the oifters of an ill fcent, and turn’d 
toa kind of vifcid gelly. | 
This experiment feems to inform us, that fifh produce lefs air than flefh ; 
yet will be corrupted, tho’ defended againft the air. | 
(179.) Nov.29. 1678. I exactly fill’d a glafs veffel, with frefh and unfal- Butter included 
ted butter; then ftopt it witha fcrew. A mercurial gage was included in *"™°"** 
the fame veflel. 
Nov. 30: In the night, the cold being very fharp, the butter was con- 
dens’d ; for the mercury approach’d nearer to the aperture of its gage. 
Decemb. 2. ‘The mercury came ftill nearer to the aperture of its gage; 
perhaps, becaufe the cold daily increas’d. 7 
Decemb.5. ‘The cold beingabated, the mercury return’d almoft to its for- 


- mer height. ; 
Part of the fame butter, being left in the air, began to have a very bad 


{mell. ) | 
Decemb.7. The cold returning, the mercury, again, came to the top of 
its gage. ‘The butter left in the air, {melt worfe than before, tho’ it was 
fill edible. 

Decemb.24. The butter had produced no air; being taken out of the re- 
ceiver, it was of a grateful tafte, except, only, a little of the fuperficies, 
which lay contiguous to the leather {pread over the cover. _ 

It follows, that butter may be kept a great while, if it be defended 
from the external air. = 
— (181.) Nov. 30. 1678. Ifill’d two receivers with whitings; and that no ypirines anz 
- air might be left in the vacant {paces, into the one I pour dwine ; and into the piers. = et 
other, oifters, with their juice ; fo that both receivers were exactly fill’d. incinded in re: 
When I had afterwards clos‘ their covers with fcrews, the air in the mer- «vers. 
curial gages was-comprefs’d ; but in three hours {pace the mercury again 
return’d to its former mark. | 

Decemb. 2. The cold increafing, the mercury came nearer tothe aperture — 


of its gage in both receivers. Nnnn 2 Decemb. 
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Puzvacarics- Deremb. a. The cold ceafing, the mercury afcended very much inthat 


receiver wherein the oifters were; but, in the other, it moved not. 

Decemb. 5. Inthe receiver, containing the oifters, the height of the mer- _ 
cury was 20 inches; but, in the other, it was not yet return to its ufual 
height. | , 

Deceml. 7. In the receiver with oifters, the height of the mercury was 
40; in the other, it continued ftill below its ftandard, | 

Decemb. 9. The mercury, in both receivers, was changed little or no- 
thing. 

Decemb. 20. When the mercury alter’d no more, I open’d the receivers, 
and both of them were very fetid. It here feemed new to me, that the recei- 
ver, in which the wine was, had admitted of corruption, without pro- 
ducing air ; for, hitherto, all bodies, whilft they were corrupting, had 
produced fome. 


Beef with fpice, (184.) Decemb, 3. 1678. Iput raw beef into two large receivers, with 


pepper and cloves; and that no air might be left in the interftices, I pour’d 
beer upon them; and, in no long time after, found the preflure of the air, 
in,the receivers, to b2 abated ; the mercury, in the gages, coming to the 
open ends. | 

Decemb: 8. The mercury afcended not in either of the receivers. JI 
open'd the one, that I might boil the flefh; which had contracted a fweet 
fcent from the cloves ; and the liquor, contain’d in the fame receiver, be- 
fore it was boil’d, {mell’d like hippocras. = 7 

Fan. 2. 1679. I open’d the other receiver, and found no air produced 
therein: the flefh was not at all corrupted; and, when I boil’d it iz vacuo, 
I obferv’d, that ifa more intenfe fire were made, the air, or fome fpirits, 
broke thro the ftop-cock, which was faften’d to the top ofthe receiver. The 
receiver, being cooled, all the night, was, the day after, found, almoft, quite 
empty of air. The flefh was very tender, and well tafted, only it was 
a little over-boil’d ; for it had been kept on the fire full fix hours. 

Hence we have a confirmation, that beer may be ufeful to preferve 
fleth, efpecially if the bitter tafte thereof be correéted by aromatics. 

(182.) Decemb. 4. 1678. I included two larks, with fome beef, in a re- 
“ceiver, and fill’d all the f{paces, unpoflefs’d by the flefh, with ale; at the © 
fame.time, I fili’d another receiver, with the fame fort of beef, adding 
beer, alfo, but no larks. 

Decemb. 9. Some pieces, cut off from the larks, and expofed to the air, 
began to {mell ill ; but thofe included in the receiver, had produced little 
air; for the mercury. was not yet come five inches above its wonted height. 
In the other receiver it was not moved. | 

~ Decemb. 19. In the receiver, which contained the larks, the mercury af- 
cended no higher; for the cover being broken, fuffer’d the liquor to run 
out. Wherefore, I open’d the receiver, and boil’d both the beef and the 
larks, which were not at all corrupted, but very grateful to the palate. 
The beef had contracted @ pleafant tafte ; partly from the larks, and 

partly from the beer. allie ta 
| Decemb, 
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~ Decemb. 23. I open’d the other receiver, and’ the flefh being boiled,Pszuxariee 
feem’d pleafant ; yet not fo pleafant as that which received a venifon-like oS, 
tafte from the larks. | . 

Hence birds may be long preferv’d by the help of beer, or ale. 

(183.) December 14. I included apples in four receivers: in the firft was Als ee 
a whole apple, and all the interftices were fill’d with powder'd fugar : a 
the fecond, was an apple cut in pieces, and the {paces fill’d with fugar, 
as before : in the third, was, alfo, an apple, cut; but the reft of the re- 
ceiver was fill’d with water, wherewith a tenth part of fugar had been 
mixed: in the fourth, the apple was alfo cut, and the {paces fill’d with a 
folution of one partfugar, and five of water. 

Decemb, 21. Inthe firft receiver, the mercury began to afcend a little, 
yet the fugar did not diflolve ; in the fecond receiver, all the fugar was 
melted, and the pieces of apple were fhrivel’d : they produced much air, 
when firft put into the receiver. Inthe two other receivers, the mercury 
began, alfo, to afcend ; but, in the third, the pieces of apple were very 
much corrupted, their skin being taken off. 

Decemb. 22. Aix was produced in all the receivers ; but the quantities 
did not bear the fame proportion amongft themfelves, as the quantities 
of the fugar: for, in the fecond receiver, much air was produced ; but, in 
the fourth, the mercury afcended lefs than in the third. Some air was, 
alfo, generated in the firft. , ) 

Decemb.27. In the three firft receivers, the height of the mercury was 
ten inches; but in the fourth, only fix. 

Decemb. 31. In the firft and fecond receiver, the height of the mercury 
was 13 ; inthe third, 15 ; inthe fourth, only 9. 

an, 2. 1679. In the firft and fecond receiver, the height of the mer- 
cury was almoft 143 in the third, 17; in the fourth, 11. 

Gan. 7. In the fecond, the height of the mercury was 16 ; in the third, 
36; inthe fourth, 153 but, in the firft, the mercury had not aicended, — 
and fomething had efcaped out of the receiver: I, therefore, eafed the 
ferew, that I might difpofe it the better, and then the air made an 
efcape. , 

: Sat 9. In the firft receiver, the height was fix inches ; in the fecond 163 
in the third, 39; in the fourth, 15. id 

~~ Yan. 17. In the firft receiver, the height was 13; in the fecond, 19; in 
the third, 56; inthe fourth, 17. 

Jan. 30. In the third receiver, the height of the mercury was 76 inches, 
~ and the liquor por out ; I, therefore, open’d it, and found the fruit to 

have loft much of its tafte; but the waterhad contracted it, and was plea- 
fant to the palate. In the fecond receiver, the mercury aicended no more. 
I open’d this, alfo, and found the fruit much more pleafant than the other ; 
_ yet much of its tafte was imparted to the fugar, which was turn’d into 

a very good fyrup. . | 
Feb. 16. The height of the sovcury, in the firft receiver, was 22 in- 
ches; but, in the fourth, 33.° “his < open d, and’ found the fruit ‘to 
| have 
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Pusumatics have loft much of its tafte ; and that the ambient water had got it, and was 

7" “thereby turn’d into.a pleafant drink. 
ae 27. In the firft receiver, the height of the mercury was thirty 
nches. , 

March 15. In the. firft receiver, the height of the mercury’ was not 
changed ; but, now, fomething efcaped out of the receiver: Topen’d it, and 
found the apple of a laudable. colour ; but the pulp was fpongy, and 
had loft much of its tatte. 3 : 

Shis experiment feems to teach, that fugar is not fo fit topreferve fruits, 
; as fermented liquors. _ 

A lark incduded 184.) December 23. I fill’d a glafs veflel with milk, then ftopp’d it 
~ -evith milk, . parr : a , ; 
with a {crew ; .and, into another receiver, I put a lark with milk, and 
ftopp'd_ it clofe. | | | ’ | 
.  Decemb. 24. This evening I perceiv’d, that the cafeous part was fepa- 
‘rated from the butyrous, in the clofed receivers ; as well as in the milk, 
which, at the fame time, I left expofed to the air. | 

Decemb.27. I found no air produced in the receiver which held the lark ; 
but, in the other, the mercurial gage was fpoiled. 

_Decemb. 31. ‘The mercury afcended in that receiver which contain’d the 

Aark ; but the milk left in the air, atthe fame time that I ftopp’d the re- 
ceivers, ftunk three days ago. a 

Fan. 1. In the receiver which held the lark, the height of the mer- 
cury was ten inches. . | 

Fan. 2. The height of the mereury was 14%. ‘The milk ftlagnant be- 
low the butyrous part, appear’d of a red colour. | 

Jan. 4. The height of the mercury was 19. Some white fediment was 
eoncreted at the bottom of the milk. 

Yan. 9. The height of the mercury was 29 inches. 

“fan.25. 1 open’d both receivers: the lark fmelt only ftrong, tho’ it 
had been kept.32 days; when boil’d, it was of a pleafant tafte. In the 
other receiver, the cafeous part of the milk was fub-acid, and grateful ; 
but the butyrous part was not four at all. | 

This experiment informs us, that, fometimes, milk may be fuccefsfully 

| ufed topreferve flefh. z 
“Alark induded (18 5.) Decemb. 24. 1678. I puta lark into a {mall receiver, and pour’d 
fy a vectver_ butter upon it, melted over a flow fire, till all theinterftices were exactly 
at ' filPd ; then I clofed the cover with a f{crew. 

Decemb. 27. The mercury approached nearer to the aperture of its gage. 
The butter feem’d to bealter’d; for the loweft part of it was yellower, 
and the middle whiter than before. ‘The upper-part was fluid. 

Fan. 5.1679. The mercury return’d, by degrees, to its wonted height. 

Fan. 9.-The mercury was fomewhat higher. : ! 

Jan. 28. The mercury was little changed. I open’d the receiver, and 
found that part of the butter, contiguous to the leather, {fpread over the 
cover, to be white, and of a very unpleafant tafte. . The butter, more re- 
mote from the leather, was yellow, and fomething fetid, tho’ edible. oe 

the 
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the Jark being roafted,: was grateful to the palate,/ tho? it had. beeh kept Preonaries. 
34 days. ‘This experiment feems to fhew, that hot: melted butter is not oF 
very fuccefsfully ufed to preferve flefh. 

(186.) Fan. 4.1679. 1 included boii’d fleth in an exhaufted receiver, Boiled fief ix 
ftopp’d with a icrew ; and fill’d the interftices, exactly, with broth of the *“” 
fame flefh, which feem’d a little too fale. » Whilft I fet the {crew, all things 
in the receiver were comprefs'd; and the mercury afcended tothe height 
of fix inches into the gage ; but it foon return’d to its wonted height.» 

Fan. 28. The air was, gradually, more confumed, fo that the mercury 
now defcended eight inches below its ufual ftandard. I open'd. the recei-= 
ver, and found the flefh very fweet and tender. The broth, alfo, had an 
acidifh, but a very grateful tafte. 

This experiment fhews, that boil’d: flefh may'be: long prefery’d good ; 
which is a great convenience at fea, where, perhaps,. there might be no oc- 
cafion for fale meat. For, after'raw flefh hath been included in ferew’d 
veflels, as long as experience fhews there is no danger of its corrupting, 
it may be taken out, and, being perfeétly boil’d,, be again included in 
the fame. receivers; and fo, doubtlefs, it may be kept for a great while 
without falt. 

(187.) Fan. 30.1679. 1 put raw fleth into two receivers; to the firft, RE dees 

. : ; cluded, with. 
I added pepper and cloves; in the fecond,I mixed nothing, - and without 
_ Feb.11. The height of the mercury, in the firft receiver, was three inches ; lise. 
in the fecond below 1 2. 7 | | 

Feb. 12.\ The height of the mercury; in the firft receiver, was 4 4; in the 
fecond, not. above 1.2.» | , jet fh 

Feb. 13. In he firft receiver, the height of the mercury was above fix in- 
ches 5 in the fecond, three. I boil’d the fleth of the firft receiver, and it was 
very pleafant, and tender. . 

Feb. 14. The height of the mercury, in. the fecond receiver, was five. 

Feb. 19. Lhe height of the mercury, in the fecond receiver, was cight. 

Feb. 20. The height of the mercury, in the fecond receiver, was 11.. 

IT boil'd the fleth, and found it very tender, tho’ it remain’d over the fire 
in Baluneo Maria, only for three quarters of an hour. I put fome part of 
this flefh, before it was boil’d, into a receiver, and filled all the vacuities, 
as. exacly as I could, with the fame flefh, to try how long the flefh might — 
be preferv’d, when the air was’ thus excluded. seta 

Feb..28..The mercury afcended very little. ) | 

March 20. The height of the mercury was about 16 inches. _ I open’dthe 
receiver, andthe flefh feem’d of a pleafant tafte, yet inclining to cor- 
ruption. bd 3 : sf tro ip 

a 88.) February to. I put raw beef into three receivers: in the firft, Ro” mf pee 
the beef was feafon’d with pepper and. cloves ;, in the fecond, it. waS en- with{ali-water, 
compa{s'd with falt-water ; in the third, I put neither falt nor {pice. aad apare 

feb. 19. Four days ago, the mercury afcended in the third receiver ; 
nthe firft, alfo, it began to afcend ; but, in the fecond, not at all. : 


rs 


Feb, 


| 
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Cacpmsratey — Feb. 21. In the firk.receiver, the height of the mercury was four inches 


anda half; in the third, ten; but in the fecond, there-was no afcent at 
all. srs hse | 
Febo25. The height of the mercury in the firft receiver was fix; in the 
third, nineteen y in the fecond half an inch. 

Feb. 26. This night, there was no afcent of the mercury in-any of the re~ 
ceivers, “I open’d thethird, and the flefh, aftercboiling, wasvery good. 

By the former experiment, {pices feem to hinder the production of air; 

; bit the prefent experiment proves the contrary, Whence this contrariety 
fhould proceed, I know not ; unlefs, perhaps, becaufe, I had left a {pace 
large enough for the air in -thefe receivers; but in the former experiment, 
fill’d alias exa€tly as I could with flefh. asbote | 

March 9. The height°of the' mercury, in the firft receiver, was eight inches ; 

« inthe fecond, none. 

March 12. The height of the mercury in the firft receiver was twelve ; in. 
the fecond, one. 

April 3. The height of the mercury in the firft receiver was eleven ; but 
in the fecond it exceeded not, one. Lopen’d the receiver, and boiling the 
flefth, found it very tender, and of an excellent taite. 

Hence the faltnefs of water, included with flefh, feems to hinder the 
produétion of air; but there being fo fall a quantity of water, compar’d 
with the quantity of flefh, I rather incline to think, that lefs air was pro- 
duced in the fecond receiver, becaufe it was more exactly fill’d. And, in- 
deed, frefh water being ufed inftead of falt, has the fame effect ; but the 
chief art to preferve flefh without fale, confifts in excluding all air from it, 
and making a great compreflure in the receiver. 

“'Thefe experiments, about the prefervation of aliment, may be very ufeful 

‘in tranfporting fruits, venifon, Oc. from remote places, and towards af- 
fording better nourifhment to mariners. 
Boiling and d- (189.) Decemb. 12. 1678. 1 put two ounces, and fix drams of beef into 
orc preétian exhaufted receiver, able to hold.twenty-two ounces of water; then I 
fork, beef boiled left it in boiling water for three hours; which done, I expos’d it to the air, 
ee ane to cool for a whole night: afterwards, ufing my pneumatic engine, I per- 
ceivd, that the air, formed in the receiver, could fearce fuftain three inch- 
es of mercury: whence flefh in boiling, cannot form air enough to make an 
entire preflure ina receiver, capable of holding a double weight of water 
thatis, if you include one pound of flefh in an exhaufted receiver, able to 
-hold two pounds of water, it will not generate air enough to remove the — 
ccover‘from the receiver, unlefs heat greatly contribute to produce the effect: 
-but,. our flefh, I confefs, was not boil’d enough, _ 
(190:) Decemb. 23. I inclos’d three ounces of raw beefin a receiver able 
.to hold thirty-two ounces of water; and in boiling, after it had been long 
_on the fire, the cover was fore’d from the receiver, and fo fufter’d the va- 
pours topafs out: but being prefently fhut again, and the fire remov’d, the 
-receiver {oon loft its internal preflure ; fo that being re-placd on the fire, it 


was along time before it could force away the cover a fecondtime. I tried 
oe this 
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this again, and again; and unlefs the receiver had been ex pos dtoa Punuma rics; 
very ftrong fire, the cover would never have been remov’d ; but if the 

fire burns well, {weet exhalations continually pafs out. 

Decemb. 24. The receiver having been cool’d, during the whole night, 
was, this day, by the ufe of the pneumatic engine, almoft wholly evacua- 
ted. Whence we feem to havea confirmation, that the divulfion of the co- 
ver is not made by that air, which can keep the form of air, but from the 
fteams exhaling from the flefh, and fubfiding again therein; provided they 
be kept in, as they eafily may, if we ufe not too fiercea fire to the evacua- 
ted receiver, whereby the lo{s of thofe {weet vapours may be prevented. 

(191.) Fan.21.1679. I put pafte, without leaven, into an exhaufted re-Paffe boil’d in 
ceiver; and included another part of the fame pafte in a fecond receiver, "cto and te 
full of common air. I inclos’d thefe two receivers in Balneo Maria, ttopp’d 
with a fcrew ; and when they had remain’d there, for-three hours, expos’d 
to a moderate fire, I open’d the receivers: the pafte in vacuo found red- 

difh on the fuperficies; but the other had admitted water; and the pafte 
was not boil'd enough: and, therefore, I put both receivers again ix Balueo 
Maria, where they ftaid a whole night. 

Gan.22. This morning, I found the Balneum Maria quite cold ; and the 
pafte, when taken out, was boil’d enough, but cover’d with no cruft. 

That which I included iz vacuo, was interfpers’d with many cavities, but 
it feem'd too infipid ; the other had no cavities, but a more pleafant tafte. 
Both the receivers were found almoft wholly empty’d of air. 

(192.) Feb. 3.1679. I inclos’d leaven’d pafte iz vacuo, and, as foon as it Eaves ae 
had fill'd its receiver with fa@itious air, tranfmitted it into the receiver ; I Marie, after it 
ufed to boil flefh 2 Balnzo Maria; but, when the pafte was thus remov'd, it pri apeneh 
pitch’d much; yet, when it had remain’d for three hours in a hot Balueum } 
Maria, the bread made of it was interfpers’d with many cavities, but co- 
ver d with no cruft. 

Feb. 5. [repeated the experiment, but now the pafte wasincluded iz vacuo, 
in the fame receiver, which was afterwards put iz Balueo Maria; and 
therefore, there was no need to remove the pafte, and expofe it tothe air. 

Hence, the bread made thereof, was much lighter than the former. 

(193.) Feb.12. T included rofemary, with water, in the diftilling veffel ; Refemary send 
and, when the air was pump’d out, I put the veflel i Balzeo Avena, and aan 
there came over a water of a very {weet {mell, and fome drops of effential 
oil of a very {weet f{cent, and not empyreumatical. But when I open’d 
the ftop-cock, to let in the air, the noife fo foon ceas’d, that I judg’d much 
air was produced from the rofemary. | 

Feb. 13. I put the fame rofemary into the fame evacuated veftel, and 
adminiftred a more intenfe fire, yet could extraét no oil, {weet, or fetid ; 
and the water was lefs fragrant than the former. ) 

(194-) Feb. 10.1679. I boil’d oné pound of fleth in vacuo, ina vellel righ bila tm 
defcrib’d, which would contain almoft four pounds of water: its upper °*"% 
part, which was made of glafs, held the mercurial gage; by the help 
whereof, Iperceiv’d, that the mercury afcended not three inches, tho’? 

Vet. IL Oooo the 
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Peeomatics.che flefh had boil’d forthree hours, and more. It was not boil’d enough, 
. ‘ and its tafte was ungrateful: the liquor, form’d of thecondens’d vapours 
had, aifo,an stage tafte. : wn 

Feb. 11. I repeated the experiment, but now fprinkled the flefh with 
pepper and cloves: the mercury afcended to the height of fix inches, tho” 
the Hefh boil’d no longer than the other: it feem’d very grateful to the pa- 
late; and the liquor, form’d from the vapours, had'a moft pungent tafte of 
pepper; but contracted nothing iuittatetul from the flefh, as in the for- 
mer experiment. 

From thefe experiments, made iz vacuo, it feems, that fuch veffels may 
be very ufeful for diftilling, and boiling of fuch bodies, ascontain thin, and 
very volatile {pirits: for every thing will here be preferv’d, and nothing be 

‘ fufter’d to fly away. | 
Boiling in, = (195.) Fan.29. Eight days ago, I fill’d a ferew-vellel, with beef and wa- 
teehee anater together ; and when it had continu’d over a moderate fire for eight or 
fifths beef and nine hours in Balueo Maria, ftopp’d alfo with a fcrew, I took the flefh out : 
water botl’d in . +19 A > 
Balneo Marie, but it was boil’d a great deal too much, and the tafte of it was very un- 
pleafant. I boild other beef in the fame veflel, after the fame manner ; 
only this was feafon’d with pepper and cloves, and remain’d expos’d to the 
fire but for three hours. ‘This flefh preferv’d a moft pleafant tafte. I 
boil’d other flefh, without {pices, for three hours, in the fame veffel, and. after 
the fame manner: when the flefh was taken out, it tafted well; whence I 
conjecturd, that what f{poil’d the firft flefh, was over-boiling: yet the {pi- 
ces may be convenient to correct fome part of the ungrateful tafte ; for I 
left a place to condenfe the vapours,in the top of the vetlel, and found, that 
the liquor, there formed, had an unpleafant tafte; but not fo when the 
flefh was feafon’d with pepper and cloves. 
Apples beil’d iv 196.) “fan.29. I boil’d apples, after the fame manner as I did the flefh, 
ajvewvBl. before mention’d; but mix’d no water with them. They were fet upon a 
moderate fire, for almoft two hours. They were very toft, and of a very 
good tafte ; but fome pieces, which lay in the upper part of the receiver, 
where the vapours afcending from the lower part condensd, were of an 
unpleafant tafte ; and the drops, form’d from the fame vapours, had an un- 
erateful {cent. 
Flefh feafon’'a (497+) February 4. I inclofed flefh, with pepper and cloves, in a recei= 
seal ver ftopped with a ferew, but ufed no water to fill up the interftices ; 
men ony comprefled the flefh as much as I could, and then put the receiver iz 
Balueo Maria, already hot, and ftopp’d it with a fcrew: when it had re- 
mained there, over a moderate fire, for an hour, the flefh was rather 
over-boil’d than under; but, when I open’d the Balzeum Maria, all the 
water burft out of it, with a great force ; the liquor being hot, and now 
finding vent. | 
: Feb. 5. 1 inclofed fome part of this flefh in a receiver, ftoppd with a 
crew. 

March 12. The flefh included five weeks ago, was, this day, found very 
good. I do not doubt, but that perfect boiling contributed fomething to 

| . ats. 
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its prefervation: for I find, by experiments made upon other bodies Preumarics, 
boiling, the more perfect it is, hinders fermentation aa more. eh: that AV 

(198.) February to. I boil’d a cow-heel, after the fame manner as I had A cow-heel boil’ 
dene the flefh above-mention’d ; but left it, for four hours, or more, upon #!! the bones 
a moderate fire: then, the veflels being unftopp’d, we found the fleth ex. 77?" 
cellently well boiled; and the bones fo foft, that they might be eafily cut 
with a knife; and eaten. ~ | 
Feb. 12. I repeated the experiment, and let the veflels remain expofed 
to the fire for twelve hours; and tho’ the water of the Balneum Maria 
every where fecured the veflel immerfed in it, yet the flefh had contra@ted - 
a very empyreumatical tafte and {mell; but the juice, which; in the for- 
men expements concreted. into a very firm gelly, did not here congeal 
at all. : 
Hence it appears, that many bones, and hard tendons, which we daily 
throw away as unprofitable, may, by the help of a Balneum Maria, ftopp’d 
with a fcrew, be converted into good nourifhment. | 
(199.) February 10. I boil’d:a fifh, after the fame manner, in a {crew’d 4 ffh boil'd in 
Balneum Maria, but mix’d no water therewith. The fith remain’d upon Ais 
the fire for two hours only ; when, the veffel being cool’d and open’d, it 
was found of a very good tafte ; and its bones were fo foft, that they 
yielded to the preflure of the finger ; and the head of it might be eaten 
like its flefh. The juice of it, ina fhort time, concreted into a gelly of 
a hard confiftence. | 
This method is ufeful for boiling fuch fith as are very bony. 
(200.) February 15. I put hart’s-horn into a receiver, to be ftopp’d with zarv's-hers 
a {crew, and fill’d the interftices with water; I included the receiver, thus 2eil’d foft 
ftoppd, ina ferew'd Balueum Maria, and fo expofed it, for four hours, | 
toa moderate fire: the veflels being open’d, the hart’s-horn was found 
foft, and the juice foon concreted into a very firm gelly. 
Feb.17. I repeated the experiment , but no water was included with 
the hart’s-horn, and the fire lafted fix hours under the Balnewm Maria ; 
after this, the hart’s-horn was found very foft; but a little juice had fweat 
oe of it, and adhered to the external parts of the hart’s-horn, like drops 
of geily. 
ihe exceleiize of fuch a Balueum Marie appears from this experiment ; 
for fince even hart’s-horn can be boil’d by means thereof, without water, 
all the freth water, ufually confumed in boiling fleth at fea, may be : 
preferved for other ufes. | 
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AGAINST 


The Objections of FRawe. Linus; his Hypothefis 
examined, and his Anfwers to particular Experi- 
~ments confider'd. | 


-but denies that {pring to be great enough to perform what I af- 
cribe thereto; and, particularly, labours to prove it unable, in a 
clofe place, to fuftain the mercury in the Torricellian experiment. For, 
fayshe, “if a tube, only twenty inches long, be not entirely fill'd with quick- 
“filver, but a fimall {pace be left betwixt it, and the finger that clofes the 
“« upper end, with nothing but air there; and the tube be opend at the 
bottom, the finger will not only be drawn downwards; but the quick-fil- 
ver will defcend, confiderably ; that is, as far as fo {mall a parcel of air 
can be ftretch’d by the defcending weight; and, therefore, if, inftead of 
air, any other liquor, not fo eafily extended, be here ufed, the quick-filver 
will not fall: but, if the external air cannot fuftain twenty inches of mer- 
cury, how fhould it fupport twenty-nine anda half? ~ But to this ar- 
gument, he has himfelf furnifh’d us with an anfwer in thefe words.“ But, 
* you'll fay that the mercury defcends, becaufe ’tis impell’d downwards, by 
the air dilating itfelf by its own {pring.” Which I think fufficient for 
“ the objection, notwithftanding the two exceptions he makes to it. 

For, firft, when he fays, that then “ the finger ought rather to be repell’d 
from, than fix’d to the tube, fince the expanfion is made every way ;” he 
confiders not, that tho’ the included air.extends itfelf at firft, every way, 
yet the expanfion, in our cafe, muft neceflarily be made downward ; becaufe, 
the finger that ftops the tube, being expos‘ on the upper parts, and the 
fides, to the external air, has the whole weight and preflure of the aie 

phere 


Eainft the air’s 
Pring examin’ d. 


ae () UR author confeffes, that the air hath both a {pring and weight 5 
@ objections A= 
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{phere upon it ; and, confequently, cannot be thruft away, but by a force, a- rey . 


ble to furmount that preflure ; whilft, on the lower fide of the included air, 
there isthe weight of the whole mercurial cylinder toaffift the {pring of the 
air to furmount ‘the weight of the atmofphere, that gravitates upon the 
ftagnant mercury. So that the air included, endeavouring to expand itfelf, 
finding no refiftance upwards, and a confiderable one downward, it is very 
natural, that it fhould expand itfelfthat way,where it finds the leaft refiftance : 
as will happen, till the {pring of the air be fo far weaken’d by expanfion, 
that.its preflure, together with the weight of the mercury, that remains 
fufpended, will but balance the preffure of the outward air upon the ftag- 
nant mercury. And, if, inftead of quick-filver, you employ water, and 
leave; as before, in the tube an inch of air, and then inverting it, open 
it under water, the included inch of air will not dilate itfelf near half fo 
far, as itdid when the tube was almoft fill'd with mercury; becaufe, the 
weight of fo fhort a cylinder of water does but equal that of between an 
inch and an inch and half of quick-filver ; and, confequently the internal 
air is far lefs affifted to dilate itfelf, and furmount the preffure of the out- 
ward, by the cylinder of water, than by that of mercury. 

As for what our author fays, that, ‘ if, inftead of air, or water, fome 
other liquor be left at the top of the tube, the quick-filver will not de- 
** fcend ;” we can readily folve that phenomenon, fince water has either 


€¢ 


no {pring at all, or but an exceeding weak one ; and fo fcarce prefles, but - 


by its weight, which, in fo fhort a cylinder, 1s inconfiderable. 
Hence we fee, why the finger is fo ftrongly faften’d to the upper orifice 


of the tube it ftops: for the included air, being fo far dilated, that an inch, . 


for example, left, at firft, inthe upper part, reaches twice or thrice as far, 
as before the defcent of the quick-filver, its {pring muft be proportio- 
nably weaken’d; and, confequently, that part of the finger within the 
tube will fuftain much lefs preflure it, from the dilated internal air, 
than the upper part of the fame finger, from the unrarify’d air without. 
By which means, the pulp of the finger will be thruft in. 


Our author’s fecond objeétion runs thus. “ If you take a tube, openat - 


* both ends, of a confiderable length, fuppofe forty inches, fill it with 
‘mercury, place your finger on the top, and open the lower end ; the mer= 


“* cury will defcend to its wonted ftation, and your finger, on the top, be 


* ftrongly drawn within, the tube, and ftick clofe to it. Whence, again, 


“ it is evident, that the mercury at. its own ftation, is not there fuftain’d : 
“* by the external air, but by a certain internal ‘cord, whofe upper end, . 
* being faften’d to the finger, draws, and fixes it, after this manner, in - 


 thetube. ” 


But this argument, being much of the fame nature with the former, the » 
anfwer made to that, may ferve here, alfo; efpecially, becaufe, in the — 
prefent cafe, the pulp of the finger fuftains lefs preflure on the infide ~ 


of the tube, than in the other; the preffure of the atmofphere being here 


kept off from it, by the fubjacent mercury; whereas there is nothing of — 
that preflure abated againft the other part of the finger, that kept it off » 


from 


| 


654 


The Pneumatical Experiments defended. 


_ Peeomartics.from the deferted cavity of the tube ; only from the pulp, contiguous to 


1 


the tube, there may be fome taken off, by the weight of the glafs itfelf. 
But as for that part of the finger, which immediately covers the orifice, 
whether there be any {pring in its own fibres, or other conftituent fub- 
ftance, which finding no refiftance in the place deferted by the quick- 
filver, may contribute to its fwelling; he, who duly confiders the account 
already given of this intrufion, will find no need of our author’s internal 
Fumculus, which feems more difficult to conceive, than to folve the pheno- 
mena, in controverfy, without it. 

Our author propofes this as a clear demonftration ; and it is, indeed, 
the principal thing in his book. “* Take a tube of about 20 inches long, 

with both ends open, let its orifice be immers’d in ftagnant mercury, and, 
one finger being placd underneath, that the mercury to be pour’din, may 
not run thro’, let itbe fill’d with quick-filver, and then another finger ap- 
ply’d to clofe its orifice. This done, if you take away the lower finger, the 
* upper will be ftrongly drawn, and fuck’d into the tube, and adhere to it 
fo firmly, that it will elevate the tube itfelf, with all the quick-filver, 
and make it hang pendulous in the veffel. Since, then, the quick-filver 
in fuch a tube mutt be thruft upwards by the preponderating air; it can 
never be hence explain’d, how the finger is fo drawn downwards, and 
made {o ftrongly to adhere to the tube. For it cannot, by the air for- 
cing upwards, bedrawn downwards.” In anfwer hereto, Talledge, that 
a good account may be given of this experiment, upon our hypothefis, 
which is fufficient to fhew the argument not to be unanfwerable. 

Ideny then, that the finger is drawn downward or made, by fuétion, to 
adhere to the tube, otherwife than we have already explain’d. 

He fays indeed, that the air, which thruft up the quick-filver, cannot 
fo ftrongly draw down the finger: as if the air were not a fluid body, but 
a fingle and entire pillar of fome folid matter. 

However, when the tube is fill’d with quick-filver, the finger that ftops 
the upper orifice is almoft equally prefs’d above, and at the fides, by the 
contiguous air; and when the lower finger is remov’d, the cylinder of 
mercury, which before gravitated upon the finger, comes to gravitate up- 
on the ftagnant mercury, and, by its intervention, preffes againit the out= 
ward air; fo that, againft thofe parts of the finger, that are contiguous to 
the air,.there is all the wonted preflure of the external air ; but againft 
that pulp contiguous to the mercury, not fo much preffure, as againit the 
other parts of the finger, by, about two thirds; becaufe the mercurial cy= 
linder, in this experiment, 1s fuppos’d to be twenty inches high ; and if it 
were but a little more than thirty inches high, the weight of the quick-fil+ 
ver would take off not two thirds only, but the whole preffure of the out- 
ward air from the pulp of the finger. For, in that cafe, the quick-filver 
would quite defert it, and fettle below it. Wherefore, fince I have before 
fhewn, that the preffure of the outward air is taken off from the body 
that remains in the upper part of the tube, according to the weight 
of the liquor fufpended in it ; and fince, on our hypothefis, the preflure:of 
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the outward air is able to keep thirty inches of quick-filver, or thirty- Pxevmaries, 


two, or thirty-three feet of water fufpended ; ’tis no wonder, if a pref- ‘ 


fure of the ambient air, equal to the weight of a cylinder of water, of 
near twenty-two feet long, fhould be able to thruft in the pulp of the 
pea at the upper orifice of the tube, and make it ftick clofely to the 
top of it. 

I know our author affirms, that no preflure from without, can ever ef- 
fet fuch an adhefion of the finger to the tube : but this thould be pro- 
ved. Nor could I, upon trial, find the adhefion of the finger to the tube, to 
be near fo ftrong as our author relates: but, if you endeavour to thruft 
the pulp of your finger into the orifice of the tube, you may, through 
the glais, perceive it to be manifeftly tumid, in the cavity of the pipe. 
And if, by preffing your finger againft the orifice, you fhould not make the 
pulp adhere quite fo ftrongly to the tube, nor {well quite fo much within 
it, as may happen in fome mercurial experiments ; it is to be confider’d, 
that the air being a fluid, as well as a heavy body, does not prefs only 
againft the upper part of the finger, but, upon as much of it as is expofed. 
thereto, almoft every way uniformly and itrongly; and fo, by its lateral 
preflure, thrufts the pulp of the finger into the orifice, where there is 
leaft refiftance. 

Hence, we need not borrow the objection, our author offers to lend, that, 
in the experiment under confideration, the quick-filver is prefs’d downward 


by the fpring of fome air lurking betwixt it and the finger ; (tho’ fuch a: 


thing might eafily happen) fince we lately proved the contrary. Andas for 
what he adds to confirm his argument, that “ if the preponderating air 
“ fucceed in the place of the lower finger, which was withdrawn ; that 
“is, fif it fuftain the quick-filver after the fame manner, as by the 
“ lower finger apply'd under it; it is manifeft, that the finger, on the 
“top, ought to be no more drawn downwards, after the lower finger 
“is removed, than before : but, experience teacheth the contrary ;” we 
muft confider, that the tube. being fuppofed perfectly full of mer- 
cury, the finger, which ftops the lower orifice, is ufually kept ftrongly 
prefs againft it, left any of that ponderous fluid fhould get out: fo that 


tho’ the lower finger keeps up the mercury in the tube, and the preffure _ 


of the outward air would do fo too ; yet there is this difference, that the 
preffure of the atmofphere, depending upon its weight, cannot be increa- 
fed, and weaken’d as we pleafe, like the undermoft finger. And, there- 
fore, whereas the atmofpherical cylinder will not fuftain one of quick- 


filver, above 30 inches high, thofe who make the Torvicelian experiment, often- 


keep up, with the finger, a mercurial cylinder of, perhaps, so inches : fo 


that, inour cafe, before the removal of the under finger, the pulp of the 


uppermoft muft fuftain about the fame preflure, where it is contiguous 


to the mercury, as the other part of the fame an after the re-. 


moval of the under finger, there is as much preflure of the atmo- 
{pheré taken off from the pulp, as balances a cylinder of quick-filver 20 
inches high. - 3 ; 


; 
ae 
he 


656 The Pneumatical Experiments defended. 
| Pseumarics. Our author’s laft experiment is thus propofed : “ This opinion is falfe, 
VY “ becaufe thence it would follow, that quick-filver, thro’ a like tube, might 
“ be fuck’d with the fame eafe out of a veflel, as water ; which is contrary 
“to experience: for, according to this opinion, that the fluid underneath, 
“‘ whether water, *or mercury, may fo afcend, no more is required, than 
““that the air, in the tube, be drawn upwards by fuction ; when, the 
** liquor below, will immediately afcend, being impell’d by the external air, 
‘* which now preponderates.” But we formerly fhew’d, that when the 
mercurial cylinder, which refts upon the ftagnant mercury, has, at the 
other end of it, air kept from any communication with the atmofphere, 
that included air has fo much of the preflure of the external air taken off 
from it, as balances the mercurial cylinder. And the finger expo- 
fed tothe whole preflure of the ambient air, in fome of its parts, an 
. in others but to the’ much fainter preffure of the included air, fuftains 
an unufual preffure from the preponderating power of the atmofphere. 
Thus, the thorax, and the mufcles of the abdomen, which ferve for re- 
fpiration, fuftain the preffure of the whole ambient air; tho’ thefe mufcles 
are able, without any confiderable refiftance, to dilate the thorax ; becaufe, 
as faftasthey open the cheft, and, by dilating it, weaken the {pring of 
the included air, the external air rufhing in, for want of the ufual refiftance 
there, keeps that within the thorax, in an equilibrium to that without. 
1g We fay, then, that if a cylinder of mercury be, by fuction, rais‘d in the 
: tube to any confiderable height, the preffure of the air in the thorax, is 
leflen’d by the whole weight of that mercurial cylinder ; and, confequently, 
the refpiratory mufcles are thereby difabled Ae dilating the cheft, as 
freely as ufual. But, if inftead of mercury, you fubftitute water, fo 
fhort a cylinder of that takes off fo little of the preffure of the inclu- 
ded air, that it comes into the lungs with almoft its ufual itrength ; and, 
confequently, with almoft the fame force wherewith the external air prefles 
againft the thorax. | | 
And there is an experiment of M. Pajchal’s, which fhews clearly, that if 
we could free the upper part of a tube, from the preflure of all internal 
; air, the quick-filver (as our author fays, it fhould) would, by the preffure of the 
outward air,beimpell’d up into the tube, as well as water, tillit had attain’d 
: a height fufficient to make its weight equal to that of theatmofphere. The 


experiment itfelfis this: “* Ifa glafs fyringe be made ofa fufficient length ; 
“and after the fucker is thruft into the utmoft orifice, it be plung’d in the 
“* mercury,.as foon as the fucker is drawn out, the mercury follows, and af- 
** cends to the height of twofeet, three inches, and ahalf. And when, af- 
“* terwards, tho’ no greater force be added, the fucker is drawn higher, 
“ the mercury ftands, and follows no farther ; whence that {pace remains 
empty, which lies between the mercury, and the fucker.” So that 
we may well explain our author’s experiment, by faying, that in a more 
forcible refpiration, the mercurial cylinder is rais’d higher than in a more 
languid one ; becaufe, in the former, the cheft being more dilated, the in- 
cluded air is alfo more expanded, whereby its weakned {pring mary as 

| efore, 
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before, enable the mercurial cylinder to balance the preflure of the ambi- Pxeumaries: 
ent air. And the reafon why the quick-filver is not, by refpiration CY. 
raisd as high as *tis kept fufpended in the Terricellian experiment, is 
not the preflure of the outward air being unable to raife it fo high ; ef 
becaufe the free dilatation of the thorax, is oppofed by the preflure of the 
ambient air; which preflure being againft fo great a ark bese and but : 
imperfectly refifted by the weakned {pring of the air in the thorax, will be 
very confiderable ; fince, in our engine, the preffure of the external air a= 
gainft the fucker of lefs than three inches diameter, was able to raife an 
hundred weight. . And, by the way, when we ftrongly fuck up quick-filver 
in aglafs tube, tho’ the elevation thereof proceeded from our author’s Fu- 
niculus, contracting itfelf{ every way ; and tho’ there be a communication 
betwixt the internal furface of the lungs, and the cavity of the tube ; yet 
we feel not, in our lungs, any endeavour of the fhrinking cord to tear off 
that membrane they are lined with. 

Our author further fays, that “ the fpringof the air can perform nei- 

“ ther more nor lefs, in a clofe place, than its equilibrium in an open cne.” — 

But I allow of this opinion, only in fome cafes ; for, in. others, we. have 
performed much more by the {pring of the air, which wecan, within cer- 

tain limits, increafe at pleafure, than. can be perform’d by the bare weight, 

which, for ought we know, remains always nearly the fame. And of 

‘this difference, | we formerly gave an inftance ; when, by .compreffing the ge 
air, in the receiver, we impell’d the mercurial cylinder higher than. the + 
ftation at which the balance of the air fuftains it. 

Our author adds, that “ fince the experiments of the adhefion of the 
“ finger, Oc. fucceed alike in a clofe and open place, the arguments pro- 

“ duced againft the equilibrium, make alfo againft the {pring’ of the air.” 

This has, already, been anfwer’d; but fince he fays, that, the experi- 

ments, concerning the adhefion of the finger, Oc. fucceed equally in a clofe & 
and open place, I with he had told us what way he took to make them ; for, 

in ordinary rooms, there fearce ever wants a communication betwixt the 

internal and external air, by means whereof, the weight of the atmofphere 

has. its effeét within the room. , 

Our author fuppofes, that what we afcribe to the fpring, and weight rte funicular 
Of the air, is performed by a fort. of Funiculus, confifting of a thin fub-bypaixh ex 
ftance, greatly expanded; which, lymg between two bodies, endeavours 

_to contraét itfelf, and to bring thefe bodies together, to avoid a vacuum ; 
by nature’s abhorrence whereof, he, at length, folves all phenomena. 

_ Hisfirft argument for this is, that the finger would not be drawn down, 
by the defcent of the mercury in the Torvicellian tube, were there nota Fu- 
wiculus ; and that, were nothin fubftance there extended, a vacuum muft 
-enfue. . | | 

But this argument being deduced from the fuGion of the pulp of the 
finger, upon the defeent of the mercury, hasbeen anfwer’d already. Ano- 
ther argument, which he alledges againfta vacuum, is, the tran{parency 
of that part of the tube, where “tis aid to be: for, were there a vacuum, 

Wo. I. Pppp he 


i 


658 The Pneumatical Experiments defended. 
Preoatics: he fays, it would be like a black pillar, neither able to afford any thing vifible, 
nor to permit objeéts to appear thro’ it. | 
But the invalidity of this affertion appears from the doétrine of the ato~ 
mifts, who teach, that light is made up of fuch fubtile effluvia, as are a- 
ble to penetrate glafs, and, therefore, may leave many vacuities, tho’ the 
cavity of the cylinder feems full of it; and nodoubt, were the parts of the 
lucid matter contracted, they would not fill one tenth of that {pace ; fince the 
fmoke, which fill’d our receiver, fo as to make it appear opake, poflefs’d, 
when condensd, only a {mall part thereof. | 
Thus a room may appear full of the fmoke of a perfume, tho’, if all the 
corpuicles that compofe the fmoke were re-united, they would make up 
but a {mall paftil. A little camphire, alfo, will fill a room with its odour; 
but having, in well clos’d glafles, caught the fumes of it driven over by 
- heat, and again reduced them into true camphire, I found its bulk very in- 
confiderable, in comparifon of the fpace it poflefles, when its {cented cor- 
_ corpufeles are fcatter’d thro’ the air. | ton | 
T might add, that if the Torrice/lian experiment fucceed in the dark, it may 
well be doubted, whether our author’s argument will hold! For if he en- 
deavours to prove, that the place in queftion was full in the dark, becaufe, 
upon letting in the light, a light appears within it; we may reply, that this 
light is a new one, flowing from the lucid body, that darts its corporeal rays 
thro’ the glafs -and {pace in difpute, which, for want of fuch corpufcles, 
were not, juft before, vifible. ; Git | . in 
And, fuppofing light to be made by a propagation of the impulfe of 
lucid bodies thro’ tranfparent ones, yet it will not thence follow, that the 
deferted part of the tube muft be full: in one of our experiments, tho” 
many of thofe grofs aerial particles; that appear neceflary to convey a lan- 
guid found, were foon drawn out of the receiver, yet there remain’d fo 
many, that the others were not mifs’d, till a far greater number was ex- 
tracted ; and thus there may remain matter enough to tranfmit the impulfe: 
of light, tho’ betwixt the particles of that matter there fhould be numberlefs 
vacuities : yet our author pretends to prove abfolutely, that there is no 
vacuity in the difputed fpace. And fhould a Cartefian fay, the deferted part 
“of the tube is filled with Materia fubtilis, he mut allow the preflure of the 
outward air to be the caufe of the fufpenfion of the quick-tilver; for tho’ 
the Materia Jubtilis may readily fill the {paces deferted by the mercury; yet 
that within the tube cannot hinder fo ponderous a liquor from fubfiding as’ 
low asthe ftagnant mercury: fince the whole tube, being pervious to that. 
jubtile matter, it may, with like'facility, fueceed, in’ whatever part of it 
fhall be forfaken: by the quick-filver. Bo sore silobodt yd 
Our ‘author’s next argument is, that the mercurial eylinder, ‘reft— 
ing at its wonted ftation, does not gravitate; as appears by applying 
the finger to the immerfed, or lower orifice of the tube: whence he 
infers, that it »muft, ‘of neceffity, be fufpended from within’ the tube. 
And, ‘indeed, if the ‘finger be: applied: to the open end of the tube, before | 
"us quite lifted. out of the ftagnant mercury, the experiment will fucceed 5 
the 
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the finger, however, will feel a gravitation, or preflure, of the glafs-tube, Pxeumaries. — 
and the contained meray as of one body; but no {fenfible preflure of | 
the mercury a-part, as if it endeavoured to thruitt away the finger from 
the tube. Now, according to our hypothefis, the mercurial cylinder, 
and the air, balancing one another, the finger fuftains not any preffure, 
fenfibly differing from the ambient air, that prefles againft the nail, and 
fides of it, and from the included quick-filver that prefles againit the pulp. 
But if the mercurial cylinder fhould exceed the ufual length, then the finger 
would feel fome preflure from that additional quick-filver, which the air 
does not affift the finger to fuftain: fo that this phenomenon may as well 
be folved on our hypothefis, as on our author’s. But how comes the mer- 
cury in the tube, when of a due altitude, to run out, upon removal of the 
finger beneath, if it be fuftained. only by an internal cord; and, when 
that fuftains it, to refemble a folid body, if the preffure of the external air 
has no fhare in it ? 

If it be here faid, that the finger muft feel great pain, by being fqueezed 
betwixt a pillar of thirty inches of quick- filver, and an equivalent preflure 
from the atmofphere ; we muft obferve, that, in fluids, a folid has not that 
fenfe of preflure from furrounding bodies, which men are apt to imagine; as 
appears from divers: and I am informed, that the learned Maignan, tho” 
he purpoiely thruft his hands, three or four palms deep, into quick-filver, 
his fingers were not fenfible of any weight, or preflure. r 

Laftly, our author tells us, that “ thofe remarkable vibrations the 
* quick-filver makes, in its defcent, favours his hypothefis.” But this 
phenomenon, allo, is eafily folved on our hypothefis: for when. the ex- 
periment is made in a clofe place, as our receiver is, mercury, by its fud- 
den defcent, acquires an impetus, befides the preffure it has upon. account 
of its gravity: whence it, fora while, falls below its ftation, and thereby 
comprefies the air that refts upon the ftagnant mercury; which air, by its 
own {pring, again forcibly dilating itfelf, to recover its former extenfien, 
expands beyond it, and thereby impels up the quick-filver fomewhat above 
its. wonted ftation ; in its fall from whence, it again acquires a power to 
comprefs the air: and this reciprocation of preflure, betwixt the quick- 
filver, and the external air, decreafing by degrees, at length wholly ceafes, 
as the mercury lofes that additional preflure it acquired by falling from 
parts of the tube, higher than its due ftation. But this way of explicating 
thefe vibrations, is not neceflary in the free air ; for if we confider the at- 
mofphere only as a weight, and allow an impetus acquired by defcent, the 
phenomenon will be eafily explained by a balance, wherein one of the 
{cales chancing to be deprefled, they do not, till after many vibrations, re- 
gain their equilibrium. 

I took a glafs-fiphon, whofe two legs, unequal in length, were parallel, 
and both perpendicular to that part of the pipe which joined them; and 
poured quick-filver into it, till “twas fome inches high, and equal in both 
legs; then the fiphon, being inclined, till moft part of the quick-filver was 
fallen into one of the legs, I ftopped the orifice of the other with my 
set Pppp 2 ~~ Finger. 
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‘Paevmarics. finger: and, ereCting the fiphon again, tho’ the quick-filver were forced 
n to afcend a little in that ftopped leg ; yet, becaufe my finger prevented 
the air from getting away, the quick-filver was kept much lower in the 
ftopped leg than in the other: but if, by fuddenly removing my finger, I 
gave vent tothe included comprefied air, the preponderant quick-filver, 
in the other leg, would, with the-mercury in the open one, make feveral 
undulations before, in both legs, it refted in an equilibrium. Now, in 
this cafe, there is no pretence for a Funiculus of violently diftended air, 
to caufe the vibrations of the mercury. 

But there ave many particulars which render the funicular hypothefis 
improbable. 

And, firft, our author acknowledges, that quick-filver, water, wine, Cc. 
as well one as another, will defcend in tubes, exactly feal’d at the top, 
in cafe the cylinder of liquor exceed the weight of a mercurial cylinder of 
twenty-nine inches and a half, but fubfide no longer than till it is a ba- 
lance to a cylinder of quick-filver of that height. Now it’s very itrange, 
that, whatever the liquor be, there fhould be juft the fame weight, or 
ftrength, to extend them into a Funiculus. And this is the more furpri- 
zing, becaufe our author makes fo great a difference betwixt the difpofi- 
tion of bodies of various confiftences to be extenuated into a Funiculus, that 
he will not allow any human force able to produce one by the divulfion of 
two flat marbles, in cafe the contaét of their furfaces were fo exquifite, 
as quite to exclude all air; tho’ his reafoning plainly agrees with experience, 
that adhering marbles may be forcibly feverrd ; and, therefore, according to 
him, the fuperficial parts may be diftended into a Puniculus, that prevents a 
Vacuum. But our hypothefis labours not under this difficulty ; for the weight 
of the external air, being that, which keeps liquors fufpended in feald 
tubes, it matters not of what nature or texture the fufpended liquor is, 
provided its weight be the fame with that of a mercurial cylinder equipon- 
derant to the aerial one. 

In the next place, I obferve, that the account our author gives of his 
Funiculus, is much more ftrange than fatisfa€tory, and not made out by any 
unqueftionable parallel operations of nature: whereas, the weight 
and fpring of the air may be inferr’d from fuch certain experiments, as are 
not concern’d inthe prefent controverfy. For the gravity of the air may be 
manifefted by a pair of fcales ; and’its {pring is difclos’d fo clearly in wind- 
guns, and other inftruments, that our author does not deny it. But in the 
explanation of his Fusiculus, he would have us remark two things ; firft, 
“that the quick-filver which fills the whole tube, doth not only touch the 
** top of it, but firmly ftick to it ; and that the finger adheres to the mercury ; 
“© fnce tho’ the orificeof the tube be oil’d, that willnot hinder it from ftick- 
** ing, as firmly as before.” But two bodies, by trufion, may eafily be 
made to ftick together, as much asthe tube and finger do, tho’ one of them 
be oil'd; befides, this adhefion of the finger to the tube will happen, not 
only when the furface of the included quick-filver is contiguous to the fin- 
ger, but many inches below it. Water and quick-flver, he fays, afcend 
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by fuction, “ becaufe the parts of the air included in the tube, are now fo Pxevmarics. 
“firmly glued to one another, that they make a ftrong chain, whereby the ~ 
** water and quick- filver‘are drawn up.” Which way of wreathing a lit- 
tle rarified air into fo ftrong a rope, is highly improbable. 

Secondly, he fays, that “the rarifaction, or extenfion of a bedy, fo 
“asto make it take up more fpace, is not only caufed by heat, but by 
* diftenfion, or, a certain disjoining power; as condenfation is not only 
made by cold, but, alfo, by compreffion.” And, ‘tis true, and obvious, 
that the condenfation of bodies, (taking that word in a large fenfe) may 
be made as well by compreffion, as cold. But, I with he had more 
clearly exprefs’d, what he means, in this place, by that rarifa€tion, which, 
he fays, is to be made by a disjoining power ; whereof, he tells us, there are 
innumerable inftances. For,as far as may be gather’d, from the three ex- 
amples he fubjoins, *tis only the air that is capable-of being fo extended, 
ashis hypothefis requires quick-filver, and, even ftones, to be. And, how 
will he prove, that even air may be thus extended, to fill two thoufand 
times the fpace it poflefs’d before? For, that the fame air, adequately 
fills more fpace at one time, than another, he proves but by the rufhing of 
water into the evacuated glafs, and almoft filling it ; which, he fays, is 
done by the diftended air, that contracting itfelf, draws up the water with 
it. "The explanation he gives of his Fumiculus,is this: “ Since ’tis manifeft, 
‘* that the quick-filver fticks to the top of the tube; and that rarifaction 
“© is made by the mere. diftenfion of a body, it happens, that the defcend- 
“* ing quick-filver leaves its upper fuperficies fix’d to the top of the tube; 
“and, by its weight, fo ftretches, and extenuates it, till it becomes ea- 
** fier to leave another fuperficies, in like manner, than to extend that any 
“ further. It leaves, therefore, a fecond; and, by its defcent, extends 
“* that a little further, till it becomes eafier to feparate a third, than to 
“extend that any more ; and fon, till, at length, it hath no power to 
“* feparate, or extend any more furfaces, when it comes to the height of 
“29 + inches, where it refts.” Hence ’tis eafy to difcern, that he is oblig’d 
to affign his Funiculus a ftrange and unparallel’d way of produétion. Now, 
Imuft demand, by what force, upon the bare feparation of the quick- 
filyer, and the top of the tube, the new body, he mentions, comes to be 

roduced ; or, how it appears, that the mercury leaves any fuch thing, as 
e {peaks of, behind it? For, the fenfe perceives nothing of it at the top 
of the tube; nor, is it neceffary to explain the phenomena ; as we have for-~ 
merly feen. And how fhould the bare weight of the defcending mercury, - 
be able to extend a furface into a body? Befides, the fucceffion of fur- 
faces is a chimera : or, fuppofing fome of the quick-filver were turn’d in- 
toathin, fubtile fubftance, yet, how comes that fubftance to be contriv’d 
into a Funiculus of fo ftrange a nature, that fcarce any weight can break 
it ; and that, contrary to all other {trings, it may be ftretch’d, without be- 
coming more flender, and obtains other very odd properties ? 

Our author fays, indeed, that “thefe furfaces feem to be feparated 
* from the quick-filver, and to be extended into a moft flender firing, by 
Bes 7 the 


es 
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Purumarics.< the falling weight, after, the fame manner, that, in a lighted.candle, fur- 


faces, of like fort, are feparated from the wax, or tallow, underneath, by 
“ the heat above, and extenuated into a moft fubtile lame ; which, doubt- 
“Iefs, takes up above a thoufand times more fpace, than the part of the 
¢ 3) , 
“wax, of which the flame confifted, poffefs’d: fo our Funiculus takes up a 
“thoufand times more fpace, than the {mall particle of mercury from 
© whence. it arofe.” And this isthe only example whereby our author 
endeavours to illuftrate the generation of his Funiculus. But here inter- 
yenes a confpicuous, and powerful agent, actual fire, to fever and agitate 
the parts of the candle ; and befides, there isa manifeft wafting of the wax, 
or tallow, turn’d into fame: and we muift not admit that the fewel, when 
turnd to aflame, really, fills fo much as twice the genuine fpace, as 
the wax ‘twas made of. For, the flame is little lefs than an ag- 
gregate of thofe corpufcles, which, before, lay upon the upper fu- 
perficies of a candle, and were, by the violent hear, divided into minu- 
ter particles, vehemently agitated, and brought from lying flat, to beat 
off one another, and make up, about the wieck, fuch a figure as is ufual in 
the flame of candles, burning in the free air. Nor will it neceffarily fol- 
Jow, that the fpace, which the flame feems to take up, fhould contain nei- 
ther air, nor ether, or any thing befides the parts of that flame, becaufe the 
eye can difcern no other body there ; for, even the fmoke, afcending from 
the fnuff of a candle, newly extinguifh’d, appears a dark pillar, tho’ there 
are many aerial, and other invifible corpufcles mix’d with it: fo that if all 
thofe parts of fmoke, which fhew large in the air, were collected, and 
contiguous, they would not, perhaps, amount to the bignefs of a pin’s 
head ; as may appear from the great quantity of fteams, that, in chymical 
veflels, go to make up one drop of {pirit. And, therefore, as our author, 
to inforce his former example, alledges, the turning of a particle of 
quick-filver into vapour, by fire; if fuch be the rarifaétion of mercury, 


"tig not at all likely to make fuch a Funiculus as he talks of; fince 


thofe mercurial fumes appear, by various experiments, to be mercury di- 
vided, and thrown out into minute parts ; whereby, tho’ the body obtain 
more of furface, than it had before, yet, it really fills no more of true 
and genuine fpace; fince, if all the particular little parts, fill’”d by thefe 


{catter'd corpufcles, were reduced into one, as the corpufcles themfelves 
- often are, in chymical operations, they wou’d amount but’ to one whole 


equal to that of the mercury before rarifaCtion. 

I farther demand, how the Funiculus comes by hooks, or parts proper 
to take faft hold of all contiguous bodies; and even the {mootheft, fuch as 
glafs, the calm furface of quick-filver, water, oil, O'c. and how thefe flender, 
and invifible hooks, find innumerable loops, in {mooth bodies, to take hold on 
{fo ftrongly, as to lift up a tall cylinder of quick-filver ; and draw in- 
wards the fides of ftrong glafles, fo forcibly, as to break them to pieces ? 


*Tis, alfo, fomewhat ftrange, that water, and other fluid bodies, fhould, 


when the Funiculus once lays hold on their fuperficial corpufcles, prefently, 
like confiftent bodies, be drawn up, in one entire continued piece ; though, 
| | . even 
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fluid. 


I know, that by calling this extenuated fubftance, a Funiculus, he in- 
timates, that it has its: {pring inwards, like lute-ftrings, and ropes forci- 
bly ftretch’d.; but there is no {mall difparity betwixt them + for, in {trings 
there is requir’d eitherwreathing, or fome peculiar;and artificial texture 
ofthe component parts ; but, a rarifaction of air, does. not infer any fuch 
contrivance of parts, as is requifite to make bodies elaftic: And, fince 
lute-ftrings, Oc. muft, when they fhrink inwards, either fill up, or leflen 
their pores, and increafe in thicknefs, as they diminifh in length; our 
author’s Funiculus differs widely from them ; {ince it has no pores to re- 
ceive the fhrinking parts ; and contraéts its length, without increafing its 
thicknefs. | Nor does it, to me, feem very probable, that) when,» for in= 
ftance, part of a polifh’d marble is extended jnto a Funiculus, that Funi- 
culus ftrongly afpires to turn into marble again. And ‘tis very unlikely, 
that the {pace, our author would have replenith’d with his funicular fub- 
ftance, fhould be full of little, highly-ftretch’d {trings, that lay faft hold 
on the durfaces of all contiguous bodies, and always violently endeavour to 


pull them inwards. For, a pendulum being fet a moving, in our ex— 


haufted receiver, vibrated as freely, and with the ftring as much ftretch’d, 
as in the common air. _ Nay, the balance of a watch did there move free- 
ly 3: whichis shard to conceive, if the moving bodies were to break thro? 
a medium confifting of innumerable - ftrings, exceedingly ftretch’d: And 
“tis iftrange, if thefe ftrings, thus cut, or broken, by the paflage of thefe 
bodies thro’ them, could fo readily have their parts re-united, and imme- 
diately be made entire again. And, in this cafe, the two divided parts of 
each {mall ftring, do not; like thofe of other. broken {trings, fly back from 
one another, but meet, ,and unite again ; yet, when in the Torricelian ex- 
perment, the tube, with the contain’d mercury, is fuddenly lifted out of 
the ftagnant, quick-filver into the-air, the Fuiculus fo ftrangely contracts. 
itfelf, that it quite vanifhes ; fo that the a{cending mercury may rife to the- 
very top of the tube. es 

But this.is.not all. that, renders our author’s hypothefis: improbable ; 
for it neceflarily fuppofes, fuch a rarifaGtion, and condenfation, :as is: un= 
intelligible... | , bay rset 


~ We. muft here premife, that a body is commonly. {aid to be rarified, or The nature of: 
dilated, when it acquires greater dimenfions than it had before ; and to perfabion cone 


be condenfed; when it is -reduced: to lefs dimenfions, that is, into a lefs. 
{pace ; and that there are three-ways. of! explaining rarifaGtion : for, ei- 
ther we muft fay, thatthe corpufcles-whereof:the rarified body confifts, 
depart from each! other, fo that:no other fubftance comes: in between them,: 
to fill up the. deferted. fpaces ; or; that thefe new interftices, are but dj— 
lated pores, replenifh’d, as thofe of a tumid {punge by water, with fome fub-- 
tile ethereal dubftance ;, or, laftly, that the fame body does not only obtain 
a greater dpace in  rarifaction, and, a lefler in) condenfation ; but, ade-: 
quately, and exactly fills. it: and fo, when rarified, acquires larger di- 
/ menfions, 
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even in'the exhaufted receiver, they appear, by many figns, to continue Pxrumaries. 
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_ Preveeatic® menfions, without leaving any-vacuities betwixt: its component corpulcles,: 
“ or admitting any new, and extraneous fubftance between them. | 
Tis to this laft way of rarifaétion, that our author has recourfe, in 
this hypothefis ; tho’, I confefs, it appears to me fo difficult to be con- 
frotelian varifaction. For the eafier confideration of this: matter, let us 
ceiv'd, that I doubt whether any phenomenon: cam be explain’d by it. Let us 
fuppofe, that in the Magdeburg experiment, he fo often urges to prove his hy- 
pothefis, that the undilated air, which, as he tells us, poffefs’d about half an 
inch of fpace, confifted of 100 parts, ‘twill not be deny’d, that as the aggre~ 
gate is adequate tothe whole f{paceit fills, fo each of the roo partsis, likewife, 
adequately commenfurate to its refpective fpace, whichis rooth part of the 
whole. Now, our author fays, that ** if a body pofleffes rwice as much {pace, 
“* each part of that body muft do the fame.” Whence» the: whole capacity: 
of the fphere, which, according to him, was 2000 times bigger than the 
{pace poffefs’d by the unexpanded air, there muft, likewife, be 2000 parts 
of {pace, commenfurate, each of them, to one of the aforefaid. rooth parts 
of air ; and, confequently, when he affirms, that half an inch of air -pof- 
fef{s’d the whole cavity of the globe,--if we will not admit, as he does not, 
_. either vacuities, or fome fubtile fubftance in the interftices of the aerial 
particles, each part of air muft, adequately, fill 2000 parts of {fpace. Now, 
that this fhould be refolutely taught, to be really, and regularly done, in 
the Magdeburg experiment, will, queftionlefs, appear very abfurd: to the 
Cartefians; and thofe other philofophers, who take extenfion to'be but noti- 
-onally different from body; and, confequently, impoffible to be acquir’d, 
or loft, without the addition, or detraction of matter: and will, I doubt 
not, appear. ftrange toevery one who confiders how generally extenfion is 
-allow’d infeparable, and immediately to flow from matter; and bodies to: 
have a neceflary relation'to a commenfurate  fpace. Nor'do I fee, if one 
portion of air may fo eafily be brought, exactly to fill a {pace 2000 times 
-as great as that it’ did but fill before, without the addition: of any’ new: 
fabftance, why the matter contain’d in each of thefe 2000 parts of {pace, 
amay not be farther brought to fill 2000 more, and fo on ; fince ‘each of 
thefe newly replenifh’d f{paces, is prefum’d to be exactly fill’d with body; 
-and no fpace, and, confequently, that which the un-rarified air: teplenifh’d, 
-can be more than adequately full. And fince, according to our author, 
not only fluids, but even folids, as marble, ave capable’ of fuch a diftén- 
fion; why may not the world be made many thoufand times:bigger than it 
is, without either admitting a vacuity betwixt its parts, or beingincreas 'd 
with the addition of one atom of new matter ? yiods isd; bag.) Soke 
He further alledges, thac the phenomena of rarifa€tion cannot be ex- 
-plain’d, either by vacuities, or the fub-ingreffion of an ethereal fubftance ; 
‘and that there are two ways of explaining that kind of 1t; which he con= 
_tends for. | gy: 
After our author’s objections againft the two ways of rarifaction pro~ 
-pofed ; the one by the vacuifts, and the other by the Cartefians, who admit 
themoft folid bodies, and, even glafs itfelf, to’ be pervious to ait ethereal, 
iitie re | or 


6 


Vs 


way how each part of the rarified body becomes extended, depends upon 
the quality of the parts into which the body is ultimately refolv’d ; and, 
having truly obferv’d, that they muft, neceflarily, be either really indivi- 
fible, er endlefly divifible, he endeavours to explain the Ariftotelian rari- 
faction, according to thefe two hypothefes. But tho’ he thus propofes 
two ways of making out his rarifaction, yet they are irreconcilable ; and 
ke {peaks of them very doubtfully, and obfcurely. 

And, firft, having told us how rarifaction may be explain’d, if we admit 
bodies to be divifible im infivitum, he makes an objeGtion againft the in- 
finity of parts in a continuum, ‘whereto he gives fo dark an anfwer, 
that, I confefs, I do not underftand it. Behe 

And ’tis not clear tome, that even fuch a divifibility of a continuum, 
as is here fuppofed, would make out the rarifaction he contends for: 
fince, let the integrant parts of a continuum be more or lefs finite, or in- 
finite in number, . ftill each part, being a corporeal fubftance, muft 
have {ome particle of {pace commenfurate to it; and if the whole body 
be rarified, for inftance, to twice its former magnitude, then will each 
part be, likewife, extended to double its former dimenfions; and fill both 
the place it took up before, and another equal to it ; and, confequently, two 
places. I will not, however, pretend to affirm which of the two ways, 
by atoms, or by parts infinitely divifible, owr author declares himfelf for: 
but, whichfoever of them it be, I think he has not intelligibly made it out; 
as himfelf feems willing to confefs. So that, in his difcourfe of rari- 
faétion, to which our author frequently refers, as that which fhould make 
good what feems the moft improbable, he has, inftead of a probable 
hypothefis, fubfticuted a doétrine which himfelf dares not pretend 


capable of being well freed from the difficulties with which it may be — 


charged. | “4 fibers 
As for the other way of explaining rarifaction, by fuppofing that a 


body is made up of parts indivifible, heis, upon this hypothefis, reduced ° 


to allow, that “ one and the fame part muft be in two places adequately; 
*‘ for fince it is indivifible; and takes up a greater {pace than before, it 


“ muft, of neceflity, be alfo in every point of that {pace ; or be virtually- 


“extended thro’ all that fpace.’? When, therefore, he, prefently after, 
affirms, that by this virtual extenfion of the parts, the difficulties 
which have, for fo many’ ages, perplex’d philofophers, may be eatfily fol- 
ved, he muft give me leave to defire he would explain what this ‘extenfio 


virtualis is; and how it will remove the difficulties charged upon the 4ri- 


ftotelian rarifaction. For the eafier confideration of this matter, let us re- 
‘fume what we lately fuppos’d, that, in theMagdeburgic experiment, the half~ 


inch of undilated air, confifted of a hundred corpufcles ; I demand, how'the © 
indivifibility of thefe corpufcles will qualify them to make out fuch a ra- 


rifaction, as our author imagines? For, what does their being indivié- 
ble, in this cafe, but make it the lefs intelligible, how they can fill above 
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‘or fubtile matter, he attempts to explain the manner by which his ownPxzumarics- 
rarifaction is perform’d; and having premis'd, that the explanation of the “ 
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not here to queftion, how this indivifibility makes them capable of being 
fo; I demand, whether by an atom’s being virtually extended, its corpo- 
real fubttance does really fill. more {pace than it did before, or not? If 
it do, then ’tis a true, and real; and not barely a virtual extenfion : but 
fuch an extenfion, we have fhewn, will not ferve the turn; and our au— 
thor feems.to confef§ as much, by devifing this.virtual extenfion, to avoid 
the inconveniencies to which he- faw his doétrine of rarifa€tion would 
otherwife be expofed. But if it be faid, that when an atcm is virtually: 
extended, its corporeal. fubftance fills no more fpace than before; I de- 
mand, how that which is not a fubftance, can fill a {pace ; and how this 
improper, and only metaphorical extenfion, will folve: the phenomena: of 
rarifaction ? As how the half-inch of air, at the top of the fore-mention’d 
fphere, fhall, without a corporeal extenfion, fill the whole cavity of 2000 times 


its bignefs, when the water is fuck’d out of it, and act at the lower-part © 


of:the fphere? For, our author teaches, that the whole globe was fill'd 
with acertain thin fubftance, which, by its contraction violently fnatch’d 
up the water wherein the neck of the glafs wasimmersd. And, in a pa-. 
rallel cafe, he makes it his grand argument, to prove, there is no vacuum: 
in the deférted part of the tube, in the Torricellian experiment, that the: 
attraCtion of the-finger cannot be: buc from fome real body. 


Our author’s Funiculus, alfo, fuppofes a condenfation, that, to me;, 


appears incumber’d with no lefs difficulties. Hor, fince he teaches, that 
a body may be condens’d, without either having any vacuities for the 
comprefs’d parts:to retire into; or, having its pores fll’d with any fub=. 
tile, and yielding matter, that may be fqueezed out of'them ; it follows,. 
that the parts of a body to be condens’d, immediately touch each other :: 
which fuppofed, I: demand, how bodies, that are already contiguous, can 
be brought clofer, without penetrating each other? So that Ifee-not how 
this condenfation can be perform’d, without penetration of dimenfions, 
In the Magdeburgic.experiment, he tells us, that the-whole capacity of the 
globe is. fill’d with an extremely rare body ; which, according to. him, in~ 
tercepts. neither pores, nor any heterogeneous fubftance. Now let us confi-- 


der, that before the admiffion of water into the exhaufted globe, there: 


was, according to him, 2000 half-inches of a true and real body ; and: 
that, after the admiffion of the water, there remain’d, in-the fame globe, | 
no more than one: halftineh ‘of body befides: Since; then, our author does. 
not pretend, that the 1999 half-inches of matter, thatnow appear no more; 
travers’d the body of water-; and fince he-will.not allow, that it gets a~ 
way thro ‘the pores of the glafs.; I demand, what becomes of: fo great a 
quantity of matter 2. For that “tis. annihilated, I. fuppofe, he is too ra- 
tional to pretend ;-and to fay, that fo many parts of matter, fhould be- 
retir'd into that one’part of {pace that contains.the half-inch of-air, is: 
tittle lefs incredible: for, that ipace was: fuppos’d perfectly full of body. 
before ; and how a thing can be more than perfectly full, who can con— 
ceiye.?. In fhort, according to our author’s way of condenfation, two, or,, 
| : | perhaps,, 


— 


ie! soi: prcchaeh Gof parts of fpace ? He will anfwer, they are virtually extended. But, 
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perhaps, two thoufand bodies, may be crowded into a {pace that is ade- Pxeusaries, 
quately ‘fAIPd ‘with one of them apart. And, if this.be not penetration a 
of dimenfions, I defire to be inform’d what is . 

Butas the hypothefis I am oppofing, is a kind of inverfion of ours ; The preffire 
fuppofing the {pring, or motion of reftitution in the air, to tend inwards. 22 2 ¥ 


>the air cove 


as, according to us, it tends outwards, many of the phenomena would, if it fred. 
were true, be plaufibly explicable by it; the fame motions, in an inter- 
mediate body, being, in many cafes, producible alike, whether we fup- 
pofe it to be thruft, or drawn; provided, both the endeavours tend the 
fame way. But then we may be fatisfied, whether the effect be to be 
afcrib’d to pulfion, or to traétion, if we can find out an experiment, 
wherein there is ‘a reafon that fuch an effet fhould follow, in cafe pulfion 
be the caufe inquir’d after; and not, in cafe it be tra@iion. And fuch 
‘an experimentum cruis is afforded us by M. Pafchal, who obferv’d, that 
the Yorricellian experiment, being made at the foot, and in different parts of 
a very high mountain, after he had afcended an hundred and fifty fathom, 
the quick-filver ‘was fallen two inches and a quarter below its ftation 
at the foot of the mountain ; and that at the very top of the hill, it had 
defcended above three inches below the fame ftation. Whence it appears, 
that the quick-filver being carried up towards the top of the atmofphere, 
falls down the lower, proportionably to the height of the place wherein 
the obfervation is made: the reafon of which, on our hypothefis, is, that 
the nearer we come.to the top of the atmofphere, the fhorter, and lighter 
is the cylinder of air, incumbent upon the ftagnant mercury ; and, confe- 
quently, the Jefs weight of mercury will that air be able to balance, 
and keep fufpended. And, fince this noble phenomenon, thus clearly fol- 
lows upon ours, and not upon our author’s hypothefis, it feems to de~ 
termine the controverfy ; becaufe, in this cafe, it cannot be pretended, 
that the defcent of the quick-filver, in the tube, is caus’d from the pre- 
ternatural rarifaction, or <diftenfion of the external air, when, by trying 
to reftore itfelf, it endeavours to draw up the ftagnant mercury: for, 
there appears no fuch forcible dilatation of thatair, as in many of the 
phenomena of our engine, he is here pleafed to imagine. 

To this experiment he replies but two things, which, neither fingly, 
nor together, ‘will amount to a fatisfa€tory anfwer. 

And firft, he queftions the truth of the obfervation itfelf, becaufe, ha- 
ving made trial on a lowhill, the event did no ways anfwer his expectation. 
But ‘Gajfendus relates, that the obfervation was five times repeated, with cir- 
cumftances, which fufficiently argue the diligence wherewith the experiment 
was made : and, I'can confirm thefe obfervations, by two more made on hills 
in England. But, however the proportion of the detcent of the quick-filver 
may vary according to the different confiftence, and other accidents of the 
air, in the particular places, and timés of the experiments being made ; 
yet all obfervations agree in this, that nearer the top of the atmofphere 
the qui¢k-filver falls lower, than when further from it. And, in one of 
thefe experiments, a determinate quantity of air being left in the tube, 

Qqqq2 before : 


Pxsumarict. before the mouth of it was open’d, under the ftagnant mercury, and notice 
taken how low fuch a quantity of that air depreis’d the mercurial cylinder, 
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*cwas obferv'd, that at the mountain’s foot,. the included air was not able to 
deprefs the quick-filver fo much. Whence we infer, that the cylinder of 
air;at the top of the hill,. being fhorter and lighter, did not fo ftrongly prefs 
againft the included air, as did the ambient air at the bottom of the hill, 
where the aerial cylinder was longer, and _ heavier. | 


We, alfo, attempted a trial, wherein we hoped to find a fenfible difference - 


in the weight of the atmofphere, in a far lef: height, than that of an ordinary 
hill. But inftead-of a common tube, we made ufe of a weather-glafs, and: 
inftead of quick-filver, employ’d common water in the pipe belonging 
to the glafs; that {mall changes in the weight or refiftance of the atmo- 
{phere, in oppofitionto the ineluded air, might be the more difcernible. 
The inftrument, we made ufe of confifted only of a glafs AB, with a 
broad foot, a narrow neck, and a flender glafs pipe CD, open at both 
ends ; the pipe fo plac’d, that the bottom ofit, almoft reach’d to the bot- 
tom of the bigger glafs AB, within whofe neck A, it was faften’d with 
a clofe cement, that both kept the -pipe in its. place; and hinder’d all 
communication betwixt the inward N, and the outward air KK, except 
by the cavity of the pipe CD. Now .wechofe this glafs AB, more than 
ordinarily capacious, that the effect of the dilatation of the included.air I, 
might be the more confpicuous.. Then conveying a convenient quantity of’ 
water HD, intothis glais, we carry'd.it. to the leads of the abbey-church at 


Weftminfter, and there blew ina. little air, to raife the water tothe upper - 


parc of the pipe, that, being above the veflel AB, we might the more pre- 
cifely mark the feveral {tations of the water. Afterward, having fufter’d 
the glafs to refta pretty while upon the leads, that the air II, within, might 


be reduced tothe fame ftate with KK, that without ; having mark’d the fta- - 


tion of the water F, we gently let down the veflel by a ftring to the foot of 


the wall, where one attended to receive-it, who having futter’d it to reft 
upon the ground, told us, that ic was fubfided about an inch below the 


mark F ; whereupcn, having order’d him to put a mark at this fecond fta- 
tion of it E; we drew up the veflel again, and {uffering it to reft a while, 
obferv'dthe water to be re-afcended to the firf{ mark F,which was, indeed, 
about-an inch above E:: and this we did a fecond time, with akmoft a like 
fuccefs ; tho’, two or three days after, the wind blowing ftrongly upon 
the leads, we found not the experiment to fucceed quite fo regularly ; yet 
the water, always, manifeftly, fell lower at the foot of the wall, than at 
thetop. But, to avoid miftakes, and prevent objections, we made-the ex— 


periment within the church, atthe fame height with the leads ; but the: 


upper part of the pipe being, accidentally, broken off, we order’d the mat- 
ter fo, that the furface G, of the remaining water in the pipe, fhould be: 
about an inch higher than the furface of that in the veflel. And.then, 
letting down the glafs, I found that, almof, as foon as it was fettled 
‘upon the pavement, it was not only fallen as low as the other water, 
but the cutward air deprefs‘d it fo fay, ‘as, whilft Iwas looking on 
t > 
o 


VoL iba 


i athe #8 ‘ea 


“iil wy eee. 
hate ‘iRihe arate 
Ce ts he ale aangy 
| oe Leh ne a 


- - oe °° § ==? Pe a oa Oe PM 
ae - ii y ) » ‘ py ‘ Lee 
i 3 - Mes rs 


The Pueumatical Experiments defended. + 666 
‘to break in below the bottom of the pipe, and afcend thro’ the water inPseumarics: 
bubbles ; after which, the glafs being drawn up again, the water was, very 
manifeftly, re-afcended. Hence “tis evident, that the atmofphere gravi- 
tates more, cateris paribus, near the furface of the earth, than in the more 
elevated parts of the air: for the leads, on which we made our trials, 
were found, in perpendicular height, but 75 feet. : 

But, for an experiment of the fame kind, made at a greater height, take 
the following, communicated by Dr. Power. 
On the rsth. of Offober, 1661, we took a weather-glafs AB, about Fig. 6%. 
two feet in length, and carrying it to the bottom of Hallifax-bill, the 
water ftood in the fhank at 13 inches above that in the veflel: thence 
carrying it, thus fill’d, with the whole frame, immediately to the top of 
_ the faid hill, the water fell down to the point D; that is, an inch and a 
quarter lower than it was at the bottom of the faid hill ; which proves the 
elafticity of the air : for the internal air AC, which was of the fame power 
and. extenfion. with the external, at the bottom: of the hill, manifefted a: 
greater elafticity, than the mountain-air there-manifefted preflure ; and fo. 
extended itfelf further by CD. | Se | 
The like experiment, I hear, the fame ingenious perfon has. lately re- 
peated, and found the defcent of the water to be greater than before. 
And tho” fome have thought it ftrange, that, on a hill, far inferiour to the 
Alps, and Appennines, {fo fhort a cylinder of water fhould fall fo much; 
yet I fee not any reafon to diftruft, upon this ground, either this experi+ 
ment, or ours ‘made at /Vefiminfter ; but rather wonder the water feil no 
more, if the hillbe confiderably high: for their fufpicion feems grounded 
ona miftake ; as if becaufe the quick-filver, in the Zorricellian experiment,. 
made without purpofely leaving any air in the tube, would not at the top: - 
of the mention’d hil! have fubfided above an inch, the water, that isnear:: 
14 times lighter, fhould. not fall above a 14th part of that {pace ; whereas, 
in the Torricelian experiment, the uppex-part of the tube has little, or no 
air left in it, while the correfpondent part of the weather-glafs contain‘d 
air, whofe preflure was little lefs than that of the atmofphere atthe bot- 
tom of the hill; and, confequently, muft be much greater, than the preflure: - 
of the atmofphere at the top of the hill.. a : 
Another particular, which confirms our hypothefis, is that experiment 
‘made by the fame M. Pafchal, by carrying a flack-blown foot-ball, ‘fronx 
the bottom to the top cf an high mountain; for, the foot-ball gradu- 
ally {fwell’d, the higher it wascarry’d: fothat at the top of the moun-- 
tain it appear’d as if it were full-blown ; and’ became-gradually Jank..a~ 
gain, as it was carryd downwards ; fo that, at the foot of the hill, it was. 
flaccid as before. We have here an experiment to prove our hypothefis, 
wherein recourfe cannot be had to any body, forcibly, and preternaturally. 
diftended, fuch as is pretended to remain in the deferted fpace of the 
tube, in the Torricellian experiment. | 
But, further, our author’s hypothefis is needlefs ; for, he: denies not 
that the air has fome weight and {pring, but affirms. it very infufficient 
| to. 
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PaauMaTie%tg counterpoife a, mercurial cylinder of 29. inches. We fhall, therefore, 
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Fig. 85. 


now endeavour to manifeft by experiments, purpofely made, that the {pring 
of the air is capable of performing far more than is neceflary to folve the 
phenomena of the ‘Zorricelliau experiment. We took a long glafs tube, 
fo bent at the bottom, that the part turned up, was almoft parallel to the 
reft of the tube ; and the orifice-of this fhorter leg being hermetically feal’d, 
the length of it -was. divided into inches, each of which was fub-divided 
into eighths, by a lift of paper carefully pafted along it: then putting in 
as much quitk-filver as -fill’d the bended part of the fiphon, that the 


‘mercury ftanding in a level, might reach, in the -one leg, to the bottom 


of the divided paper, and,juft to the fame height, in the other ; we took 


scare, by frequently inclining the tube, that the air, at laft, included in 


the fhorter cylinder, fhould be of the fame laxity with the reft of the air 
about it. ‘This done, we began to pour .quick-filver into the longer leg 


-of the fiphon ; which, by its weight, preffing upon that in the fhorter, 
sgradually ftraitned the included air; and continuing to pour in quick- 


filver, till the air, in the fhorter leg, was, by condenfation, reduced to 
take up but half the {pace it poflefs’d before, we obferv’d, in the longer 
leg of the glafs, on which was, likewife, pafted a lift of paper, divided 
into inches, and parts, that the quick-filver was 29 inches higher than in 
the other. Hence we fee, that as, according to our hypothefis, the air, 


in that degree of denfity, and correfpondent meafure of xefiftance, where- 


to the weight of the incumbent atmofphere reduces it, is able to balance, 


cand refift the preflure of a mercurial-cylinder of about 29inches+ fo, here, 


the fame air, brought toa degree of denfity, about twice as great as it 
had before, obtains a {pring twice as ftrong; being ablé to fuftain, or re- 


fift a cylinder of 29 inches, in the longer tube, together with the weight 


of the atmofpherical cylinder, that refted upon thofe 29 inches of mer- 


After fome other trials, one of which we.made in a tube, whofe lon- . 


ger leg was perpendicular ; and the other, that.contain’d the air parallel 
to the horizon ; we, .at.laft, procured a tube, which, tho’ large, was fo 
Jong, that the.cylinder, whereof.the fhorter leg of it confifted, admitted a 
lift of paper divided into 12 inches, and their quarters; and the longer 
leg another, feveral feet in length, and divided after the fame manner : 
then quick-filver being poured in, to fill up the bended part of the glafs, 
that the furface of it, in either leg, might reft in the fame horizontal line; 
more quick-filver was pour’d into the longer tube : and notice being taken, 
how far the mercury rofe therein, when it appeard to have afcended to 
any of the divifions in the fhorter; the feveral obfervations that were thus 
fucceffively made, and fet down, afforded .us.the following table. | 


O71 


# 
Preumatrics» 
e 


The Pneumatical Experiments defended: 


A TABLE of the Condenfation of the AIR, 5 MAYEN 

A Vaasa Cy | | 
4$|12 Joo 2955] 297 
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44/11 JO2ss) | 3133] 31a . 
42|10 2] 04.-$ 3335) 33.4] AA The number of equal fpaces in. the fhorter’ 
40|10 |06-2 356 leg, containing the fame parcel: of air, dif.’ 
381 9 £]0724 37 ferently expanded. | | 

6 loz 1% Zz 
z 4 84 1253] be = +. B. The height of the mercurial cylinder; in the 
321 8 [152 8 Aa<é a longer leg, that comprefs'd-the air into thofe 
30] Zz} 172g | 4742 % dimentfions. | | 
281 7 [21<e| =] 5033 Ry Attic : 
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21! §413728|/-9| G77el 66 4] C, exhibiting the prefluire fuftain’d by. the in-~. 
20) 5 | 415313 | 7076 i cluded air: . 
I 414 47e1 13% | 
28 a: 43 43 inert ee E What that preffure fhould be, fuppofing it~ 
u7| 4.315322] 822 #5 in reciprocal proportion to the expanfion.... 
16] 4 | 5838 8776] 87 ¥ 
rs] 3416318) | obsa] 99 
14) 3e)7l ye 100 76 7 
131 34) 783g] |10772| 107-4 
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For the better underftanding of this experiment,. it is proper to obferve 
the following particulars.. 1. The tube being very tall, we were obliged 
to ufe it on a pair of ftairs, which were very well. illumined ; and for pre- 
fervation, it. was fufpended by ftrings. 2. The lower, and bent part of 
the pipe, was placed in a fquare wooden box, large and deep, to prevent 
the lo{s cf: the quick-filver. 3. We were two, to make the obfervation to= 
gether ; the one to take notice at the bottom, how the quick-filver rofe in 
the fhorter: cylinder ; and the other, to pour it in at the top of the longer. 
4. The quick-filver was pour’d in but flowly, according to the direétion 
of him who obferv’d below. 5. At the ‘beginning of the operation, that 
we might the: more truly difcern where the -quick-filver refted, from time 
to time, we made ufe of a {mall looking-glafs, held in a convenient 
pofture, to reflect to the eye what we defired to fee. 6. When the air 
was crowded into lefs thana quarter of the {pace it pofleffed before, we 
tryd whether the cold of a linen-cloth, dipp'd in water, would con- 
denfe it: and it, fometimes, feem’d a little to fhrink, but not fo manifeftly, 
that we dare build uponit.' We then try'd, likewife, whether heat would 
dilate it; and, approaching the flame of a candle to that part where the: 
air was pent up, it had.a more fenfible-operation than the cold. before ; fo 
ghat eine doubted the expanfion ofthe air would, notwithftanding the 
weight that opprefs’d it, have been made ‘eonfpicuous,. ifthe fear of break: 
ing the glafs had_not kept us.from increafing the. heat... This... 
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aries} "This fufficiently proves the principal thing for which I here alledge its 


PR. 


fince tis evident, that as common air, when reduced to half its natural 


extent, obtain’d a fpring, about twice as forcible as it had before; fo the 


sair,. thus comprefs’d, being farther crowded into half this narrow room, 
thereby obtain’d a {pring as ftrong again as that it laft had, and confe- 


- quently, four times as ftrong as that of common air. And, there is no 


—> 


caufe. to. doubt, that if we had been furnith’d with a greater quantity 


of quick-filver, and a very: ftrong, tube, we might, by a further com- 
preffion of the included air, have made it balance the preffure of a far tal- 
ler, and heavier cylinder of mercury. Forno man, perhaps, yet knows, 
how near to an infinite compreffure the air may be reduced, by a force com- 
petently increas’d. So that, here our author may plainly fee, the 
fpring of the air can refift, not only the weight of. twenty-nine inches, but, 


in fome cafes, above one hundred inches of quick-filver ; and this, without 


. the affiftance of his Funiculus, which, in our prefent cafe, has no pretence 


to be employ’d. And, to fhew, that the weight of the incumbent atmo- 
{phere, madea part of the weight refifted by the imprifon'd air; when the 


-snercurial cylinder, in the longer leg of the pipe, was about one -hundred 


inches high, we caus’d a man to fuck at the open orifice, whereupon the 


-mercuty in the tube confiderably afcended: which phenomenon cannot be 
-afcrib’d to our author’s Funiculus; fince, by his own confeffion, that can- 


not pull up a mercurial cylinder of above twenty-nine or thirty inches. 
And, therefore, the preffure of the atmofphere, being in part taken off, 
by expanding itfelf into the man’s dilated. cheft, the imprifon’d air, was, 


thereby enabled, manifeftly, to dilate, and repel the mercury that com- 


prefs’d it, till there was an equality of force betwixt the ftrong fpring of 


. the comprefs’d air on the one part, and the tall mercurial cylinder ,with the 
- contiguous dilated air, on the other. . | 


- Now, if to what we have deliver’d concerning the compreflure of the 
air, we add fome obfervations of its {fpontaneous expanfion, it will the. 


_pbetter appear, how much the phenomena of thefe mercurial experiments 
depend upon the diferent meafures of ftrength to be met with in the air’s 
. fpring, according to its various degrees of compreffion and laxity. 
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| A TABLE of the Rarifattion of the Air. 
Aj} B,C} D/ E Re 
1 |.00 293! 293 : 
1s ICs 198 19g 
* I5= sil " . 
y see pe | ME A. The number of equal {paces at the top’ of the tube, 
a (223 St al 72 that contain'd the fame parcel of air. 
[24e| 2 3) 522 f : : 
2 oat wal 23 ae B. The height of the mercurial cylinder, that together 
7 1252) “I 42] 42 ‘with the fpring of the included ‘air balanc'd the 
B [26 |S] 38] 328 preflare of the atmofphere, 
o a 3 xt 
268 & 3 : is | ©. The preffure of the atmofphere, 
12 [273/34 | 2¢| 252 f 
14 1279/3 | 23] 25 D. The complement of B to C, exhibiting the preffure 
16 f27g]%] 2 | 138 fuftain’d by the included air, 
18 [2735/8 | 13] 133 | 
20 (28 {31 13] 13% E..What the preffure fhould be,according to the hypothefis. 
24 [282 14] 123 . 
28 [282 13] 15 
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* To make the experiment of the debilitated force of expanded air the 
“plainer, we muft mention fome particulars, efpecially with relation to the 
manner of performing it. 1. We made it ona light pair of ftairs, and 
“with a box lin’d with paper to receive the mercury, that might be fpilt ; and 
in a glafs tube about fix ‘feet long, hemetically feal’d at oneend. 2. We 


-alfo provided a flender glafs pipe about the bignefs of a fwan’s quill, and. 


open at both ends, all along which, was paited a narrow lift of paper, di- 
vided into inches and half quarters. 3. This flender Pipe, being thruft into 
‘the greater tube, almoft fill’d with quick-filver, the glafs help'd to make ‘it 


a 


673 


Preumaries, 


“fwellto the top of the tube ; andthe quick-filver getting in at the lower orifice © 
of the pipe, fill’d itaup till themercury, included in that,was near upon aleve! 


with the furface of the furrounding mercury in the tube. 4. There being 


hittle more than an inch of the flender pipe left above the furface of the. 


ftagnant mercury, and, confequently, unfill'd therewith, the prominent ori-= 
fice was carefully clos’d with melted fealing-wax ; after which, the pipe 
was let alone for a while, that the air, dilated by the heat of the wax, 
might, upon refrigeration, be reduced to its wonted denfity. .And then 
wwe obferv'd, by help of the lift of paper, whether we had included ‘more‘or 


lefs than an inch of air, and in either cafe, we reétify’d the error, by a 


* «©The open air, in which we'breathe,”  “ four-times rarer than at the furface of 
‘fays Sir.I/, Newton, “is 8 or 90c times |“ the earth ; and at the height of «tz. 
* lighter than water, and by confequence | “ miles it is 16 times rarer‘than at the 
** 8 or 900 times rarer. And fince the air | “ furface of the earth ; and at the height 
“is comprefs'd by the weight of the in- | “ of 21, 28, or 35 miles it is refpeGively 
** cumbent atmofphere, and the denfity | “ 64, 296, or 1024 times rarer, or there~ 
‘of the air is proportionable to the | * abouts ; andatthe height of 70,14¢, and. 
“* comprefling force, it follows , by com- | “ 210 miles, itis about 1.000900;1.000000. 
“*« putation, that at the height of about 7 | “ a00000, or 1.000600.000009,000000.'’8¢c. 
“(*- Eoglifh miles from the-earth, the air is | Meaton, Opti¢e -P.341. 342. 
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-Prevacarics. fmall hole made with a heated pin in the wax, and afterwards clos’d it up 
“again. 5. Having thus included ajuft inch ef air, we lifted up the flender 
~ pipe, by degrees, till the air was dilated to an inch, an inch and a half, 
two inches &c. and obferv’d, in inches and eighths, the length of the mercu- 
rial cylinder, which at each degree of the air’s expanfion was impell’d a- 
bove the furface of the fagnant mercury. 6. The obferyations being 
ended, we prefently made the Zorricellian experiment with the above-men- 
tion’d large tube, fix feet long, that we might know the height of the mercu- 
rial cylinder for that particular day and hour; which we found to be twenty-. 
nine inches and three quarters. 7. Our obfervations, made after thismanner, 
furnifh’d us with the preceding table,.in which here would not, probably, 
have been found the difference herefet down betwixt the force of the air, 
when expanded to double its former dimenfions, and what that force fhould: 
have been, precifely, according to the theory, but that the included inch of 
air receivd fome little acceffion during the trial; which this difference cau- 
fing us to fufpect, we found, by plunging the pipe again into the quick-filver,, 
that the included air had gain’d about half an eighth ; which we guefs’d to 
have come from fome little aerial bubbles in the quick-filver contain’din the 
pe. 
: fa we find that the inch of: air; when firft included,. fuftain’d-no other- 
preflure than from the incumbent air, and was no more comprefs’d than: 
the reft of the air we breath’d.and. mov'd.in; that this inch of air,. when. 
expanded to twice its former dimenfions, was able, with the help of: a mer- 
curial cylinder, of about fifteen inches, to counterpoife the weight of the: 
atmofphere; and that this was impell’d up into the pipe by the external 
air gravitating upon the flagnant mercury, which, alfo, fuftain’d above 28 
inches of mercury, when the internal air had its {pring too far weak- 
ned, to make any confiderable refiftance :. from whence “tis. plains that 
the free air,, here below, is, almoft,, as ftrongly comprefs’d by. the weight 
ofthe incumbent atmofphere, as.it would be by the weight of a mercurial. 
cylinder, 28, or'30 inches high; and, confequently, is not in fuch a ftate- 
of laxity, as men ufually imagine ; but aéts like fome mechanical agent,. 
with a force decreafing,. in a ftri€ter proportion to its increafe. of dimen-- 
fion, than has been, hitherto,. taken notice. of. Sonifa : 

And hence, at length, we fee,. that our author’s hypothefis.is unnecef= 
{ary to folve the phenomena in difpute: which is no {mall acquifition, finee- 
the two principal. things, that induced him to reject our hypothefis, are,. 
nature’s abhorrence: of a vacuum ; and that, tho’ the air have fome weight. 
and ipring, yet thefe are infufficient to make out the known phenomena, 
for which,» we muft, ‘therefore, have recourfeto his Funiculis. Burt, he 
has not difproy’d a vacuum, yet we have manifefted, that’ the fpring of. 
the air. may perform greater things, than what our explanation of the ‘or-» 
ricellian experiments, and thofe. of our engine, require. : | 

. We come now.to the laft part of our defence, wherein we are to confi- 
der: what our author objeéts to fome particular experiments. | 


figaink: 
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Againft our firft experiment, he objeéts nothing, but that, b apply-Pazuma ries. 
ing the finger to the orifice of the valve, when the pumpis freed is Th app hn fe ead 
the fucker will not appear tobe thruft inward by the external air, but, matical experi- 
as the finger, to be drawn inwards, by the internal. But this phenomenon 7” “ended: 
has been, formerly, accounted for, upon our hypothefis. | | 
‘Of our third experiment, he fays; that “ it very well agrees with his 
“ principles ; for, fince by this depreffion of the fucker, the air, in the 
“cavity of the cylinder, is feparated from the cylinder, and defcends, 
“together with the fucker, in that whole depreffion; new furfaces are 
“taken from that defcending air, and ftretch’d out, asin the cafe of de- 
“fcending water. Since, therefore, fuch furfaces, are as eafily flipp’d 
“ off, and extended at the end of the depreffion, as.at the beginning, it is 
“no wonder there fhould be the fame difficulty of depreffing, in both ca~ 
“fes.” By which, he feems to intend an oppofition to apart of the 
third:experiment, which I oppos’d not againit his opinion: yet he offers 
nothing at -all to invalidate my inference ; but, inftead of that, propofes 
a defence of his own opinion, which fuppofes the truth of his hypothefis ; 
and is unfatisfaétory, even according to that, or elfe, difagrees. with 
what himfelf hath taught us, but a ‘little before. For, *tis evident, 
that the more the fucker is deprefs’d, the more the cylinder is exhaufted 
‘of air, And, fpeaking of the air, in the receiver, he affirms, that. “‘’tis 
** the more extended and rarified, the more is drawn out ; and, there- 
** fore, acquires the greater force to -contraét itfelf” Though here he 
would have us bélieve, that the little internal air, in the cavity of the 
fhank of the ftop-cock, as ftrongly attraéts the fucker, or refifts its de~ 
reflure, when the fucker is near the top of the cylinder, as when, being 
Psst Paay nl the lower part thereof, the fame ‘portion of remaining air 
muft be exceedingly more diftended. . 
To the fourth experiment, our author objects nothing, but endeavours 
explain it his own way, whereto he fays, this. circumftance excellently agrees, 
that, ‘upon the return of the -external air, into -the receiver, the tumid 
bladder immediately fhrinks ; becaufe the air.in the receiver, which drew 
the fides of the bladder outward, from the middle of it, is hereby relax’d-: 
which ‘explication, whether it be more natural than ours, let any one 
judge, who has confider’d what we ‘have allede’d againft the Funiculus. 
To the breaking a glafs receiver, not of a globular figure, by exhauft- 
ing moft of theinternal air, whereby its diminifh’d preflure became unable 
to refiftthat of the outward air; our author.confidently fays, “it feems 
“ ancredible, that the moft foft air fhould fo vehemently comprefs fuch a 
** glafs, on all fides, asto break it.” As if it were more credible, that 
the air within, fhould be able to aét more powerfully upon the glafs, than 
that without, which himfelf confeffes to be a heavy body ; and which, not 
only reaches from the furface of the earth, to the top of the higheft moun- 
tains, but may, for ought we know to the contrary, -be heap’d upon the 
xecelver, tothe height ‘of fome hundreds of miles, 
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Parumatice. After a recital ofthe ninth experiment, he propofes his objection to it 
: thus..“ But this feems far removd from truth, becaufe, if the preffure- 
** of the air, which defcends by that tube into the vial, be fo great as.to. 
**-break-the vial itfelf, it fhould, certainly,. firft, very much move: the wa~ 
“ter, in which the tube is immers’d, excite bubbles in it, Oc. yet it 
*is certain, that the water, before the vial breaks, doth not moveat all.” 
But, for all this, think our explanation true : for, we put the water into 
the vial that was broken, upon a particular defign ; and, in the fecond« 
trial, the water was omitted. But, notwithftanding this water, the fides. 
of the glafs.being expos’d tothe preffure of the atmofphere, wholly fuf-- 
tain’'d it, before the exhauftion of the receiver ::fo that there needed no: 
fuch blowing in of the-air a-frefh, as our author imagines, to break the- 
vial; it being fufficient for that purpofe, that the- preflure-againft the. 
convex fuperficies of it, was taken off, by. exhaufting the receiver ; the pref-- 
fure-againft the concave fuperficies, remaining as great as ever. And, 
therefore, we need not altogether deny what.he fays, that “ tho’ the 
“tube had been clos’d at the top, the vial would ftill. have broke.” For, 
fince, in fuch cafes, the air is fhut up, with the whole preflare of the at-. 
mofphere upon it, this-may, almoft, as eafily, break the glafs, as if it were: 
unftopp'd; and, accordingly, we mention the breaking of a thin glafs,. 
hermetically feal’d, upon the extraétion of the ambient air. But, as con-- 
fidently .as our author fpeaks, fuch thin vials are fubjeét, upon with-- 
drawing the-ambient air, to ftretch a little; whereby the {pring ofthe in- - 
cluded air; may, in fome cafes,,be fo far weakned, as not to be able to 
break them, unlefs affifted by,the preflure of the atmofphere : and whenthe: 
vial actually begins to break,, the enfuing preflure of the outward air, up- 
on that within the-vial, may help to throw the parts of the: glafs. more for-- 
cibly afunder. 

The author, having recited our. conjecture, as to the reafon why two- 
flat fmooth marbles ftick fo clofely together, approves my way of exa- 
mining that conjecture. But, I fay, tho the marbles were kept together, , 
by the preflure of the ambient air, yet,they did not fall afunder, in our ex- 
haufted receiver, becaufe: of fome {mall leak in the receiver ; yet he tells 
us, with his: ufual confidence, that this,very, experiment fufficiently fhews,,. 
that opinion falfe. But, poffibly, he would .have::{poken lefs refolutely, if - 
he had made all the trials, about the adhefion of marbles, that I have. For 
he fpeaks, as if all that we afcribe:to the air; in fuch experiments, were: 
to fuftain the lower marble, with the weight, perhaps, of a few: ounces ;. 
whereasy. if the air.be-wholly kept from getting between the ftones, it may 
fuftain a~ weight. equal to that of a pillar of- air, as broad as the bafis .of 
the lower marble; and as: high as the atmofphere; or, to the weight of © 
a column of quick-filver, of- the fame thicknefs; and about 30 inches long. 
And, therefore, fince when we-had. exhaufted our receiver, asfar as we 
could, there remain’d air enough to fuftain in the tube, a cylinder of © 
quick+filver-an inch high ; and fince the broader the contiguous marbles 
axe, the greater weight, faften’d to the-lowermoft, may be fuftain’d, by: 

the: 
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the refiftance of the air ; it’s no wonder, that the air, remaining in the re- 
ceiver, fhould fupport the lower-moft marble, whofe diameter. was near 
two inches, and a weight of four ounces ; thofe two weights being infe- 


Aas 


tt 


rior tothat ofa mercurial-cylinder, of the fame diameter, and..an inchin:. 


length : and tho’ they were not, yet, perhaps, the receiver. was le{s empty’d, 
when we made the 31ft experiment, than when we made the 17th. And: 
“twas with the ‘fame pair of marbles, that, before an luftrious. affem~' 
bly, the upper-moft drew up the lower-moit, tho’ cloge’d with a weight 
of above 430. ounces. 

As for the account our author gives of thissphenomenon, few, I believe, 


will acquiefce in it: for, not to infift upon the objeétion; which himfelf*- 
takes notice of; that, according to him, the difténded air in the receiver; ”- 


fhould. draw the adhering marbles afunder, ,his explanation fuppofes, 
that there cannot, naturally, bea vacuum; whence he infers, that “ the 


** ftone could not defcend, but by leaving fuch a: thin fubftance behind - 


‘ it, as happens in the defcent of quick-filver, or-water.”” He adds, that 


the adhefion, in our cafe, proves:obftinate; becaufe fuch a fubftance is far. . 
more difficult to be feparated from marble;-.than from rr or any — 


other kind of body ; but this-aflertion is precarious. And though I have 
made numerous experiments, with {tones of feveral fizes, yet I could ne- 


ver find, that, by their cohefion, they would fuftain a weight greater. 
than that of a pillar of the atmofphere, that prefs’d againftthe loweft 3. 
which is a confiderable circumftance, that..much better agrees-with our - 


explanation, than with his, 

Ofthe fudden extinétion of animals,. included in our receiver, which I 
afcribe*to the exceffive thinnefs of the air therein, he fays, “ it feems 
“* impoffible: they fhould die fo foon, merely thro” want of'a thick‘ air :” 
but gives no other reafon, than the fuddennefs of the effect ; which, too, 
feems grounded upon a miftake: for, the: creatures, he: mentions; were 
a bee, a fly, anda caterpillar; and thofé included in a {mall receiver, 
which could be fuddenly exhaufted ; and thefe; indeed,.became movelefs, 
within a minute. And tho’ thefe infects did, in fo fhort atime, grow move- 
lefs, yet they were not fo foon kill’d,as appears bythe narrative. ‘The fan- 
guineous. animals, that did, indeed, die, were kill'd, more flowly. And-ha- 
ving, purpofely, enquir’d of a diver, how long he could; before he was accuf- 
tom’d to dive,remain without breathing, or the ufe ofa fpunge ; he told me, that 
at firft he could hold out about two or three minutes, at a time: which made 
me think, that divers become able to continue under water fo long, either by 
a peculiar conftitution of body, or;-a gradual exercife. And, Iam apt to think, 


that, as ‘tis ufual, he hereby meant a much fhorter time than, when exaétly 


meafur’d,it amountsto. For, having made trial upon two live moles, one of 
them, included in a {mall receiver, was between two and:three minutes in 
killing ; whereas, the- other being detain’d under water, did not there. 
continue.full a minute anda quarter, before it finally. ceas’d from gi+ 
ving any-fign of life. Hence ’tis not impoffible, that the want of refpi-- 


ration, .fhould difpatchan animal in-as.lictle time, as.:is mention’d in the 


experi=- 
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BrmoxaticSerseriment. * And, indeed, our author fhould either have prov’d it im- 
SS pofible, for the want of air to deftroy animals fo foon; or have given us 
ow fome better ‘account of the phenomenon. 

*“Twere a needlefs task, to examine any more of our author’ 
to particular experiments, fince they wholly proceed upon the fuppofition 
of his Funiculus ; which has been fufficiently proved a chimera : whereas 
the {pring, as well asthe weight of the air, is not only allow’d by himfelf, 

but demonftrable by experiments uncontroyerted betwixt us. 
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Phyfical Dialogue, 
Nature of the A.I Rj. 


With relation to the Phyfico-mechanical Experiments - 
of the Spring and Effects of the AIR. 


R. Hobbs, in dif puting againft me, feems, generally to have mif— The weight eng « 

. ) iy jest .: oe Spring of the - 

apprehended my notion of the air. For, when I fay the air has, apvted. 

;a@ gravity, and an elaftic power ; or, that the air is, in great part, : : 

pumpd out of the receiver; ’tis plain, that I'take the air, in the obvious - 

fenfe, for part of the atmofphere, which we breathe, and wherein we ’ 

move : nor do I find, that any other of my readers, undarftand. me: other-" 

wife. But Mr. Hobbs thinks he ‘has fnfficiently confuted me, if, in fome» 

cafes, he proves, that there is a fubtile fubftance, or ther, in fome places,» 

which I take not to be fill'd with: air ; and that the ether has, or wants: ~ 

fome properties, which I deny, or afcribe to the air :. but. I do not deny’ 

that the atmofphere, or fluid body, which flirrounds. the terraqueous: 

globe, may, befides the groffer, and more folid corpufcles, wherewith. it: 

abounds, confift of a thinner matter, which, for diftin@tion fake, I, alfo, a- 

gree to call ethereal. sbi a AT aR ee RR hae 
But he does not, that Lremember, deny thetruth of any of the mat- 

ters of faét, I have deliver’d ; nor attempt to prove, that the explanations 

Lhave given of my experiments, are contraditory to the do€rine 1 ad- 

vance: but rather. rejects our two grand hypothefes, the weight and {prin 


&. 
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_ Pexumaties: of the air, It will here, therefore, fuffice to prove, what he is unwilling to 
ON te yant.. 3 
: And-firft; that the air, in-my fenfe of the word, is not deftitute of 
-eweight, we have fhewn by various experiments: one of them is, that a 
. blown bladder, carefully weigh’d, in an exact pair of {cales, was found 
~manifeftly heavier when full of air, than when empty of air. 
: Secondly, it has; alfo, been obferv’d, thatan olipile, being well hea‘ed, 
and the little orifice, left at the top of the pipe, being ftop’d, whilft ir was 
»thus hot ; upon opening of this hole, when the zolipile was grown cold 
again, the external air rufhing in at the foremention’d orifice, caus’d the 
zolipile to- weigh fo.much more than. it did juft before the external air got 
in, as amounted to near a thoufandth part of the weight of an equal bulk 
-of water. ENCE Me 
Thirdly, in the Magdeburgic experiment, the great receiver they were 
to exhauft, being weigh’d both before and after the extraction of the air, 
they found the difference to be 1 ounce +3, “which,” fays the learned 
Schottus, “is a very clear demonftration of the gravity of the.air.” 
Fourthly, we have weigh’d the air fhut up in bodies, in our exhaufted 
receiver, wherein of two materials,difterent:in nature, a blown bladder, and 
a glafs bubble, each equi-ponderant to a more folid weight, before the 
-air was pump’d out, we found that which included a.large quantity mani- 
-feftly to preponderate after the exhauftion, To thefe we might add other 
proofs to.the fame purpofe; but thefe-afford fuch a variety of cafes, that 
yt would.be fuperfluous, © er ih | } 

Let us now fee what Mr. Hobbs objects againft the experiment of the 
bladder, weigh’d in the exhaufted receiver; for he quarrels not with the 
ereft.““ ‘That the fcale which contains the bladder, is more deprefs’d than 

“* the other, they may be certain by fight ; but that this proceeds from the 
““* ‘natural gravity of the air, they cannot be certain, efpecially ifthey know _ 
“S© not the efficient caufe of gravity.” But can we not be fure, that lead. 
is, iz fpecte, heavier than cork, unlefs we-know the efficient caufe of gra- 
-vity.? The reafon, he gives, why the bladder outweighs, is this. “ That 
“the bladder, whether blown up with a pair of bellows, or with human 
“* breath, is heavier than when flaccid, I will not.deny, becaufe .of the 

“< sreater quantity of atoms, or of fuliginous corpufcles.: ‘but there’s no- 
' thing certain in this experiment. They ought to. have put into the fcales 
-two veffels of equal weight, whereof one fhould be fhut,and the other open : 
for thus air, not blown in, but barely inclos’d, had been weigh’d ; when, 

therefore, air fhall be fo weigh'd, we will, afterwards confider what 
may be faid to the phenomenon.” The firft part ofthis paflage does 

not deny the gravity of that we call air, .but only endeavours to fhew, 
what parts they are that make it heavy. And, asto the fecond, he feems 

to miitake the prefent cafe: for there 1s no need that the air in the bladder, 

“e before the exhauftion of the receiver, fhou’d be heavier than the outward 
ait. Wherefore, when he fubjoins, that ‘from thisiexperiment we can 

deduce nothing. certain, the affirmation is precarious. .And Mr. Hobbs 


‘might 
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might eafily have perceiy’d, that we did make a trial much of thePxzumarice. 
fame nature with that he defires : for, we weigh’d the air in a glafs, her- , 
metically feal’d, wherein it was not blown in, but barely included. And 
fince, in his,elements of philofophy, he grants, and gives his reafon for 
it, that, “if air be blown into a hollow cylinder, or, into a bladder, it 
“* will increafe the weight of either of them alittle ;” and, fince here he 
likewife confefles, that there are mix’d with the ether, many aqueous and 
earthy particles: he confefles, that the air is not-deftitute of weight ; and it 
concerns us no more than himfelf, to fhew how the corpufcles, upon whofe 
account the air is heavy, make it fo. | ) 

This is all which Mr. Hobos, in feveral places, thinks fit to objeét a- 
gaint the gravity of the air; leaving the experiment of the eolipile, and 
{ome others, unanfwer’d ; which, alone, prove the air has a manifeft weight, 
even when uncomprefs‘d, and in its laxity. Let us now examine whether the 
air has not, alfo, afpring. This, tho’ he calls it (as he likewife does the weight 
of the air) a dream, yet himfelf, in effect, grants all that is requifite to 
prove the {pring of the air. For, delivering that known experiment, where- 
in the air is comprefs’d in a glafs bottle, by the forcible injeGtion of wa- Fig. 86. 
ter, which, when the glafs is unftopp’d, the air again throws out, in re- 
covering its former dimenfions; he fays, that “the air, with which the 
“* {pherical glafs was fill’d, being mov’d by earthy corpufcles, ina fim- 
“* ple, circular motion ; and being.comprefs’d by the force of the injection, 
that of it, whichis pure, gets out into the open air, and gives place to 
the water. It follows, that thefe earthy corpufcles have lefs {pace left, 
‘wherein to exercife their natural motion ; therefore, beating one upon 
another, they force the water to fly out, when the external air pene- 
trates it, and fucceffively takes up the place of the evacuated air, till 
the.corpufcles of the fame quantity of air being reftored, regain a li- 
berty natural to their.motion.” But, to pafs by feveral other.of his 
-conceffions, to this purpofe, we can prove the fpring of the air by many 
phenomena of our engine, of which he offers no other explanation. 

If the Torricedian experiment be made ina tube, between two feet and 
a half, and three feet inJength; and if, when the mercury refts, at its 
wonted ftation, you dextroufly ftop the orifice of the tube, with your fin- 
ger, that orifice being rais'd as near the furface of the ftagnant mercury, 
as poflible, without admitting the external air; if, then, you quite lift up 
the tube, thus ftopp’d, into the free air, you fhall feel, upon your finger, 
little or no preflure fromthe weight of the mercurial cylinder, diftin& from, - 
the weight of the tube; becaufe the gravity of the quick-filver, is balanced 
by that of the-outward air, which thrufts your finger againft it: but, if you 
invert the tube, and having let in the air at the orifice, ftop it again with 
your.finger ; and again let the mercurial cylinder reft upon that finger, you 
will.find your finger ftrongly prefs’d, and ready to be thruft.away; which 
new preflure, fince it-cannot comefrom the mercury, nor from the weight 
of the admitted air, to what can we, rationally, afcribe it, but to the {pring 
of the included air ? And the force hereof will be as well manifeft to the 
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Pyrumarieseve, as the finger, if the tube be unftopp’d under the furface of the ftagnant: 
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mercury ; forthen that in the glafs, will not reft, as before, at the ufual 
ftation, but be deprefs’d far beneath it. And, if you make the Zorricel- 
lian experiment, in a fhort, open tube, ftopp’d, above and below, with. 
your fingers, upon unftopping the upper orifice, a new; and forcible pref- 
fure will be felt upon the finger that ftops. the lower orifice; made by the: 
eravitation of the external air, which was before kept from reiting upon: 
the mercurial cylinder, by the upper finger, the pulp of which, by that gra-- 
vitating air, was, before, thruft into the deferted cavity of the tube ; 
which demonftrates both the {pring of the air, and the gravity of the at-. 
mofphere. | | 

But to the experiment of the fwelling and fhrinking of a bladder, hung. 
in our receiver, as the ambient airis withdrawn, and fuffer’d to return;, 
Mr. Hobbs replies, “‘ that every skin is made up of {mall threads, or. 
““ flaments, which, by reafon of their figures, cannot exactly touch in 
“all points. The bladder, therefore, being a: skin, muft be pervious, not 
“* only to air, but to water alfo; whence, there. is the fame compreflure. 
within the bladder, as without. The endeavour of which (the way of 
its. motions being every way crofs) tends to the concave {uperficies of 
the bladder; wherefore it muft, of neceffity, {well every way, and the 
** vehemency of the endeavour increafing, be, at laft, torn.” But, if this- 
bea fufficient anfwer to fuch an experiment, I fear, it will be harder than: 
we are yet aware of; to prove any thingby experiments. For, firft, how 
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improbable is it, that fuch bladders, as we ufed, are readily pervious to 


the air; when eafy experience fhews us, that, by leifurely compreffing 
fuch blown bladders, betwixt our hands, we fhall rather break them, than 
{queeze out the air at their pores ? So that the reft of his an{wer being built. 
upon what is fo repugnant to common experience, will not need a parti- 
cular confiitation: however, we fhew,.that by the. exhauftion of the. 
air, even a glafs, hermetically feal’d, was broke: and to fay, that glafs, alfo,. 
is pervious tothe air, were to affirm what the greateft part of his book: 
fuppofes tobe falfe. Befides, there is not any fenfible, and unqueftionable 
phenomenon, to prove that the receiver is full of any fuch air, as he fpeaks. 
of; for.we fee, plainly, that when the air, manifeftly, gets into the recei-. 
ver, the bladder it not, thereby, made to {well, but to fhrink. Moreover, 
according to Mr. Hobbs, the bladder is pervious to the air; andthe air,, 
within the receiver, is univerfally comprefs’d, as well that which 1s within 
the bladder, as.that whichis without it ; how then comes the air, that bears. 
gainft the convex furface of the bladder, not to refift that which 1s contigu- 
ous to the concave fuperficies of the fame; at leaft, how comes. the bladder’ 
to be broken by the air, which, according to Mr. Hobbs, can get in and: 
out at pleafure > And, laftly, to fhew, that to the fwelling of the blad—- 
der, there needs nothing but the {pring of the included air ; and no fuch. 
vehement agitation of the ambient air, as he fuppofes in our engine; it 
appears, by the experiment of M. Pajchal, that, in the free, and ordinary, 
air, a foot-ball, half blown, will gradually fwell; the. nearer it is carri- 
ed. 
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ed to the top of an high mountain, where the incumbent cylinder of thePxevscaries. 
atmofphere is fhorter, and its weight the lefs ; and will, for the contrary “ 
reafon, grow more flaccid, the nearer it approaches tothe foot of the moun- 
tain. | | 

Mr. Hobbs attempts to explain the phenomena of our engine, by fup- he eee 
pofiitg, that “ many earthy particles are inter{pers’d with the air, which ieplanattll f 
“ have a fimple,: circular motion, congenite to their nature; and that there!” pes: 

““ is a greater quantity of thefe particles in the air, near the earth, than te 
remote fiom it.” But this affumption, to me, feems very precarious ; 
‘for, I know no unqueftionable example, or ‘experiment, whereby it can 
be made out, that any {mall parcel of matter, has fuch a fimple, circular 
motion, ashe afcribes to each of thefe innumerable earthy, and, as he 
‘adds, aqueous particles. The only argument he here brings to prove, 
that each atom would have this motion, if all the reft of the earth were 
annihilated, does not feem clear to me. For, it is not always true, that 
‘each minute part of a homogeneous body, has, in every refpect, the fame 
qualities with the whele : as the roundnefs which a {mall drop of water, 
or quick-filver, is obferv'd tohave upon a dry plain, is not to be met with 
in a large portion of-either of thefé fluids, tho plac’d upon the fame plain. 
And:Mr. Hobbs, as well as we, makes the terreftrial atoms in the air to 
shave gravity ; a quality that does not properly belong to the whole globe 
»of the earth: nor is it manifeft why, becaufe the terreftrial globe moves “in 
avait circle about the fun, each particular atom of it muft defcribe a {mall 
_veirclein the air, about I know not what center. And, tho’ he afferts, that the 
air, near the earth, abounds with fuch terreftrial corpufcles, *tis not likely 
they fhould have fuch a regular motion, as he attributes to them ; but, 
‘ftriking againft one another, they muft, in probability, be put into, almoft, 
as various, and.confufed a motion, as Des Cartes afcribes to his tereftrial 
:particles, {wimming in the atmofphere. 

Mr. Hobbs farther-endeavours to prove, that, by the exhauftion of -our 
-cylinder, no vacuumi is produc’d ; and gives a very different account’of the 
experiment itfelf: he fays, that “ while the fucker is drawn back, the more 

** {pace is left within, the lefs is left to the external air ; which being 
““ thruft backwards, by the motion of the fucker, towards the outer- 
“* moft parts, moves, in like manner, the contiguous air; and that, the 
** next; and foforwards: fo that, of neceffity, at-laft, the air muft be 
** compell’d into thefpace deferted by the fucker, and enter between the 
““ convex furface-of the fucker, and the concave of the cylinder. For, 
“ the parts df the air being infinitely fubtile, muft infinuate themfelves 
“ that way by which the fucker is drawn down; -fince the contact of 
“* thofe furfaces-cannot be perfect in all points, becaufe the furfaces them- 
“ felves cannot be made infinitely fmooth: and then, that force, which is 
“ applied to draw back the fucker, in fome meafure diftends the cavity of 
“** the.cylinder ; and if, betwixt the two furfaces, one fingle hard atom 
“* fhould enter, pure air will enter by the fame way, tho’ with a {mall 
“force. ‘And thus air, for .the fame reafon, infinuates itfelf through 
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the valve of the cylinder ; and, therefore, the retraction of the fucker 
will not prove a vacuum. It follows, alfo, that the air, which is dri- 
‘ yen up intothe {pace deferted by the fucker, becaufe it is forcibly im- 
“* pell'd, has a very fwift, and circular motion, betwixt the top and’ the 
bottom of the: cylinder ; becaufe there is. nothing there to weaken its 
motion ; and nothing can give: motion to itfelf, or diminifh it.” But, 
many exceptions may be made'to this.reafoning. And, firft, I know not 
why Mr. Aobbs fhould, here, confine his difcourfe to the: pump, without 
taking notice of the glafs it is defign’d to evacuate. We ‘will, therefore; 
confider how he can account for the exhauftion of the receiver, as well as 
of the cylinder, fince we ufually employ them both together. And he be- 
ing obliged to explain the exhauftion of the one, as well as the other, it 
will be convenient to take into confideration the receiver, becaufe that be- 
ing of glafs, and tranfparent, we can better fee what happens-in it, than 
in the opake cylinder. ‘This premis‘d, I do not clearly perceive, by this expla- 
nation, how he avoids a vacuum; for, according to his firft words, the 
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external air is difplac’d by the motion of the fucker outward) and this. 


difplac’d air muft move that which is next to it; and that the next, 
and fo onward, till, at length, the air muft be compell’d into the {pace 


deferted by the fucker: fo that till this returning air get in betwixt the: 


fucker and the cylinder, how appears it, from this difcourfe, that the de- 
ferted {pace was not empty for fome little time ?. Certainly all thefe mo- 
tions of the air, forward and backward, could not be: perform’d in an 
inftant ;. asmay appear by the motion of founds and echoes, whofe velo- 
city isreducible to meafure. Secondly, tho’ he take his adverfaries to be 
vacuifts, yet he here fuppofes the plenitude of the world. I with, thirdly, 
that Mr. Hobbs had declar’d, from. whence the return of the air’s impulié 
fhould begin ; for that may well be requir’d from one, who; making the 
world full, and, for ought appears, fluid, allows ustobelieve‘it infinite, if 


the magiftrate fhall enjoin us that belief. Fourthly, I demand, what ne-. - 


ceffity there is for fo.forcible a return of the impulfe, as is requifite to 
thruft in the air at fo narrow a paflage as that between the fucker and cy~ 
linder 2. For, why may not that impulfe, when diffufed in the vaft ambient 
medium, be fo communicated, and blended among. the different motions 
of the other parts of it, as not to return again from whence it begun ? 
Asa voice, tho’ ftrong, will not move'the air, beyond a certain diftance, 


{martly enough to be reflected in an echo, to the {fpeaker ; and, asa ftone — 


caft into a lake, will have the waves, it makes, diverted from returning 
to the: place they began at. Fifthly, Ido not, likewife, fee, that ’tis pro- 
bable, what Mr. Hobbs. affirms of fo thicka cylinder as ours, that it fhould 
be diftended by depreffing the fucker. But: this: I infift not on ; the prin- 
cipal thing, peculiar in Mr. Hobds’s explanation, is, that.as muchair as is 
driven away by the fucker, prefently gets in again, betwixt that and the 
cylinder. But, by the air thus fuppos’d to get in, he either means in the 
ufual fenfe, and in ours, the common.air, fuch as. we live and breathe in A 
or,, he does not. : 7 
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Tf he fpeaks of fuch air, 1 can plainly prove, by feveral experiments,Pseuma7zicss _ 
that our engine is, in great-part, deftitute of it. For, firft, if therebe a | 
contrivance made, whereby the whole pump may be cover'd with water, 
we may, aS we have tryd, plainly fee the air that is drawn out of the 
receiver, at each reciprocation of the fucker, pafs, in great bubbles, out of 
the valve thro’ the water. i 

Next, it appears, by the Magdeburgic experiment, that, by reafon of. the » 
receis of the air, the globe of glafs, whence it. went out,.was diminifh’d in 
weight, above anounce. ‘Thirdly, the fame truth may be provd by the 
experiments formerly mention'd, of the {welling of a bladder, and the 
breaking of an hermetically feal’d glafs, upon the recefs of the, ambient 
air ;. thefe experiments having been already vindicated from. Mr. Hobbs’s 
very improbable folutions. Fourthly, the fame may be prov'd, by the - 
breaking of weak, or ill-figur’d receivers, inwards ; of which, on our 
hypothefis, the reafon is clear ; but not on his. And, fitthly, what I con- 
tend for, may be fufficiently prov’d from.this one phenomenon ; that tho’, © 
if the receiver being full of common air, the key be turn’d under water, . 
the water will not at all afcend at the open orifice; yet the like being - 
done; after the exhauftion of the receiver, we have had feveral gallons. or ~ 
water violently impell’d into the cavity of the glafs :. which could not hap- 
pen, if it were full of air, both in regard.there can. be no probable caufe 
affien’d why the water fhould.be thus fpurted up.; and becaufe the re- - 
ceiver being already full of air, either two bodies muft be contain’d in one 
place, and fo we muft.allow penetration of dimenfions; or elle commonair, . 
to which glafs is impervious, muft pafs. thro’ the water; which, wecon- | 
clude, it does not, becaufe no fuch bubbles are made in the external war 
ter, as would appear, if common air pafs‘d thro’ it. Nay, fo little of this 
common air was, fometimes, left in the globe.ufed at Magdeburg, that when 
the water was fuffer'd to rufh in, it reduced the air into lefs than the 
thoufandth part. of the capacity.of the.globe,; and even if our receiver be 
unftopp‘d, not’ under water, but wr the open air, the, ambient air will, 
violently, prefs.in,.with.a great noife, durable enough to; argue, that the 
glafs. was far from being full of fuch air before... 

And thus we may argue againft Mr. Hobbs, if he.would: have. the 
engine,, when we call it exhaufted, fill’d with common-.air.; as his words 
feem to intimate, But becaufe, by fome other -paflages of this. dialogue, — 
he may be favourably thought to mean, that the pure airis that which « 
gets in by the fides of the fucker,.into the pump, and fo into the recei~+— 
ver, Jet us confider his explanation in this fenfe alfo. .I. defire it may ~ 
be obferv’d, that if Mr. Hobbs takes. the air in this fecond.fenfe, he .does 
not oppofe what I have. deliver’d ; the air, I pretend to be.pump'd. out 
of the: receiver, being the common.air, which confifts, in great part, of 
grofier corpuicles, than the ethereal. fubftance. Yet, even. this. explana- 
tion ‘will be liable to the two firft inconveniencies, lately objected againft 
the other, in favour of the vacuifts; and to feveral objections befides.. i 
obferve, egain, that tho the pump. be. kept all the, while under water, — 
yet. 
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' Pxeumaties:vet the exhauftion of the cylinder, and receiver’, will proceed as well as 


in the open air. I demand, then, how the pure air gets in by the fides 
of the fucker, immersd in water? I prefume, for want of a more plau- 
fible anfwer, Mr. Hobbs will here fay, that the air pafles thro’ the body 
‘of the water, to fill up the deferted {pace, that muift, otherwife, be void. 
But then I appeal to any rational man, whether I am obliged to believe 
fo unlikely a thing, upon a bare affirmation ; for he doesnot fo much as 
pretend, by any phenomenon, to countenance this affertion : and there 


care phenomena that make a¢ainft it. Many experiments fhew us, that 


when air pafles thro’ water, it makes bubbles there, which, ‘in our 
‘cafe, do not appear. Befides, why fhould not the outward air, ra- 


other impel the water, as we fee it frequently does, than be fuppos’d to 


dive fo itrangely and imperceptibly thro’ it? When, alfo, the throughly 
-exhaufted receiver is unftopp'd, under water, he, who obferves how the 
‘water rufhes in with a ftream, as big as the paflage admits, will hardly 


‘imagine, that at the fame time, as much air as water can pafs thro’ the 


dame orifice unperceiv:'d. But, it may be faid, in Mr. Hobbs’s behalf, 
that either his explanation, or a vacuum, muft be admitted. ‘T’o which 
: a lie 

I reply, firft, that he has not evinced there can be no vacuum. Next, that 


awe have made it probable, that, by his explanation, he does. not avoid the 


neceffity of -a:vacuum. And, thirdly, that a plenift, having recourfe to 


“Mr. Hobbs’s precarious diving of the air, may, more probably, decline the 


neceflity of yielding a vacuum, by faying, that the ather is, by the impulfe 
of the deprefs’d fucker, andthe refiftance of the ambient bodies, fqueez’d 
thro’ the pores of the glafs, or cylinder, into the cavity of the veflel, as 


“faft as room is there made’for it. And, I confefs, I wonder that Mr. 


Hobbs fhould be fo averfe.to this way of folving the objection, fince he fup- 
pofes the parts of the air to be infinitely fubtile; which, if they are, no 


‘pores can be too narrow to admit them. But, to prefs this no farther, I 
mutt here take notice, that whether the cavity of the receiver, be refolvd : 
to be empty, or full of Mr. Hobbs’s ethereal body, or the Cartefiau celeftial 


matter; the violent rufhing in of the water, when the veffel is unftopp’d 


-under that liquor ; with feveral other phenomena, which cannot be afcrib’d 


to the fubtile matter within ; fufficiently argue, that there is, in the ex- 
ternal air, a far greater power of preffing inwards, than there is within of 
refifting ; and, confequently, fuch a weight, or {pring in that air, as we 


~plead for. 


Mr. Hobbs, too, will have the air, impell’d by the fucker, to move very 
{wiftly betwixt the top and bottom of it ; as alfo, when it gets into the 
cavity of the receiver; yet, when alight bladder is fufpended in the 
cavity of the receiver, it betrays no fuch motion : nay, the flame of a taper 
‘was not blown out, nor ftirr'd by this-fuppofed wind ; and fmoke, produ- 


~ced in the exhaufted receiver, was not, by this vehement motion of the air, 


blown about the receiver. But, if the common external air be admitted at 
the ftop-cock, that, indeed, will rufh in with noife:and violence, and whirl 
about the bladder, which hung quietly before. 

Th 
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In explaining the Torricellian experiment, he fpends many words to? 


prove, that the place deferted by the fufpended mercury, is full of air. 
But this expofition fuppofes a plenum :.and, if he takes the air in the 
common fenfe: of the word, “tis’ manifeftly repugnant, to feveral 
phenomena; as: that, if the experiment be carefully made, we may, by 
inclining the tube, impel the mercury from its wonted ftation to the 
-top; which will not. happen, in cafe the air were, before inclination, let 
into the deferted fpace ; that if, when the mercury is fettled at its ufual. 
ftation, the tube be lifted up out of the ftagnant quick-filver, the out- 
ward air will drive up the heavy mercurial. cylinder,, oftentimes, with 


force enough to beat out the feal’d. end; and, laftly, the quick-filver~ 


refting at its ftandard. height, if you carefully ftop. the lower orifice, un-- 
der the furface of the ftagnant quick-filver, and then lifting up the tube 
into the air, keep ‘it well ftopp’d, and firft deprefs one end, and then the 
other; the quick-filver will fall againftthe deprefs’d end of the tube, with: 
a furprizing force and fwiftnefs: whereas, if unftopping the tube, whilft- 


the fame quantity of mercury remains in it, you Jet the outward air~ 


into the cavity, unpoflefs’d by the mercury; and then, again, ftop the 


orifice with your finger, and proceed: as before, you fhall perceive the- 
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motion of the included fluid, to be much flower, and: lefs violent than. . 


formerly, by reafon.of the refiftance of the admitted air ; which,.alfo, ma- 
nifeftly difclofes itfelf, by the confliét, and: bubbles produced betwixt the 


air and quick-filver, in haftily paffing by one another, to the oppofite ends of 


the tube. But, Mr. Hobbs, not pretending that any attraction intervenes 


in the cafe; 1 fee not how he can poffibly make out, to omit other pheno-- 


mena, the gradual defcent of the mercury, in the tube, beneath its wonted. - 


ftation, upon the exhauftion of the receiver; and the re-afcent of the fame, - 


in the fame tube, as we let in more or lefs of the outward air, without. 
admitting as much of {pring or preffure in the air, as Lcontend for.. The - 
weight of the terreftrial. particles, by which he endeavours. to account” - 
for the quick-filver’s falling lower at the top, than at the bottom of a . 


hill, willby no means ferve his. turn ; it being utterly improbable that » 


the air, contain’d in fo little a veflel.as one of our receivers, can, by its: 


weight, counter-balance fo ponderous:a cylinder of quick-filver : whence . _ 
we may be allowd to argue, that the air fuftains it by fuch a preflure, 


or fpring, as we plead for, whether that proceed from the texture of the. 


aerial particles, from their motion, or from both. 


The laft of Mr. Hobbs’s principal explanations, is of the experiment: ~ 
~wherein above 100 pound weight, being hung at the deprefs’d fucker, .. 
the fucker was, notwithftanding,,impell’d up again, by the air, tothe: » 


top of the cylinder. This phenomenon Mr. Hobbs. accounts. for thus. 


‘The air being beaten back by the retraction ofthe fucker, and finding no. . 


“* void place, wherein to difpofe of itfelf, befides .that which it may make... 


“ by driving out other bodies, is, by perpetual.trufion,. at length, fore'’d Sa 


“ into the cylinder, with fo great fwiftnefs, between.the concave furface: 


** of the cylinder, and the. convex. furface. of: the: fiicker,,as- map HME 
: » EAES 
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« Prrumatics*“ the power neceflary to draw back the fucker. Now, the air within 
AN“ verains the fwiftnels wherewith it enters ; andthen, every way, diftends 
~** the fides of the brafs- cylinder, which is elaftic. ‘Therefore, the air in 
© the cylinder, being vehemently movw'd, thrufts againft all parts of the 
~* concave furface of the cylinder, tho’ in vain, till the fucker is drawn 
“* back ; but, as foon as the fucker, being loofe, ceafes to impel the air, 
<¢ that air which was before driven in, will, by reafon of its endeavour a- 
© gainft every point of the internal fuperficies of the cylinder, and of the 
“ elaftic force of the air, infinuate between the fame furfaces, with a velo- 
“. city equal to-that by which it was impell'd ; that-is, with a velocity which 
“, anfwers the ftrength of the impulfe: when, the {wiftnefs wherewith the 
“‘the fame air goes out of the cylinder, finding no where to difpofe of 


2, 


© air’? But this whole conceit, of the air’s running in and out, with a 


the 
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“the vaft ambient medium can enable the external air to thruft up the fucker Excumarics, 
again ; efpecially, fince during fuch a depreffion of the fucker, made by the 
rebound of the air, forcibly impell’d in from the clofe bottom of the cylin- 
der, the air from without, may, all this while, according to Mr. Hobbs’s 
principles, get in between the faid fucker andthe cylinder. But, I fur- 
ther fay, that the lifting up of the fucker, either is not neceflary to prevent 
a vacuum ; or, that, in fome cafes, it will be hard to fhew how a vacuum 
can, by Mr. Hobbs, be avoided. For, when the deprefs’d fucker is ready 
to be thruft up again, if you hang a much greater weight at it, than a 
hundred, it will not be lifted up atall. And whereas this progrefs, and 
regrefs of the impulfe of the external air, cannot reafonably be fuppos’d to 
be very lafting, you may,: by a competent weight, detain the fucker de- 
prefs'd, till the ambient air is as quiet ‘as ufual; yet, if you then take off 
the overplus of weight, or, perhaps, a little more; in cafe the pump has 
“been very ftanch, the fucker, and the great weight hung on, will, never- 
thelefs, be carried up : which "tis no: way likely it could be, by the impulfe 
of the outward air, that had time to decay, and be'confounded, “And, as 
_ for the inward air, we have prov’d, that it has no’ ‘fuch endeavour out- 
wards, as Mr. Hobbs pretends ; otherwife, why fhould not that throw out 
the fucker, rather than caufe it to be impell’d inward ; it being no way 
likely, that, in -cafe fome air fhould «get out of the cavity of the cylinder, 
it could fo move the outward air, as that the reflex of that impulfe fhould 
thake that free outward air bear more ftrongly againft the outfide of the 
fucker, than the infide of the fame fucker is prefs’d againft by the included 
air, whofe impetus is, incomparably, lefs diffufed? In fhort, whatever is 
refolv'd to be in the cavity of the cylinder, when the fucker is deprefs’d, 
yet, fince “tis manifeft, that *tis at leaft, in great part, deftitute of common 
air; and fince the fucker, with the weight, may, if the inftrument leak 
not, be impell’d up, when, in all probability, thofe fore’d undulations 
of the air, that may be fuppos’d to have been made by the fucker, have 
ceasd; the Curtefiaus, Mr. Hobbs, and others, who will not have recourfe 
to the unintelligible attra€tion of fome rarified fubftance within, mutt 
ai{cribe fo ftrange a phenomenon to the preffure of the air without. * 
‘The reafon’why water afcends in {mall glafs tubes, Mr. Hobbs tells us, 
is, that “the {mall particles interfpers’d in the air, near the water, by 
their motion beat upon the furface of the water, fo that, the fluid 
“-muft, of neceffity, afcend into the pipe; and the more fenfibly into 
“one exceeding flender.” But’tis manifeft, that I did not, in relating 
this phenomenon, takeupon me to affign the true reafon of it. preuevet 


whereby it appears, that. 140 pound weight |-dering that, when the air was :exhaufted 
was requifiteto feparate two hemifpheres, | out of thefe hemifpheres,’ and an atmo- 
3 z¢ inches in diameter, {queez'd-together, | {phere injefed upon their external furfa- 
‘by aradditional armofphere of air; proves | ces, the weight of 280 pound was necef- 
the preflure of that fluid, beyond all con- | fary to caufe their feparation. See Hauks- 
tradifion, againft the. Funicular hypothe- ’ bee’s Experiments, p. 88-93. | 1? 


Vo x. I. Tete am 


* That experiment of Mr. Hauksbee’s, [es that of fution, &c. ‘efpecially confi- 
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the motion he afcribes to the particles difpers’d: thro’ the air, he leaves the 


difficulty unfolved ; fince there being common air, as well within the ca-- 
vity of the flender pipes, as without, he offers no reafon why the preflure: 


of the air within, fhould not refift the preflure of the fame kind of air 
without, as. we fee it does in greater pipes. And, poffibly, he. would: 
have pait by this particular, if he had. not overlook’d the advertifement I 
gave, that it would concern thofe who fhould undertake to fhew the cau- 
fes of this phenomenon, to confider, alfo, of a reafon why, if the experi-. 
ment be try’d with quick-filver, inflead of water; the-furface of that fluid. 
will, inftead of being higher, be lower within the pipe, than without it ; 


whereas, if Mr. Hosbs’s explication be fufficient, why fhould net the con= 


trary happen in quick-filver, as well asin water ?. The next paflage to. 


ce 


as if a weight of many pounds hung upon it. Whence comes this? 


by the violent ingrefs of the air, between the convex furface of the 
fucker, and the concave of the cylinder ; procured by the repeated im- 


the air: for, by reafon of the fulnefs.of nature, the ftopple cannot 
be drawn out ; but whilft that circulates very {wiftly, it comes.out very 
hardly; that is, it feems to be very heavy: for, asfoon as frefh air is, 
by degrees, let into the receiver, it likewife, by degrees, lofes this feem— 
ing gravity. ‘To this lanfwer, firft, that if there be fuch a vehement, 


aircular endeavour of the air, in the receiver, by which motion he teaches,, 


that the air rufhes out with violence enough to make: the atmofphere lift up,. 
in our cylinder, above 100 pound weight; I fee not, why it fhould not,, 


rather, throw out the flopple, under confideration, than hinder its:extra--. 


tion: and why, when the external air is. re-admitted at the ftop-cock, 
into the exhaufted receiver, and thereupon there fenfibly follows, for a.little: 
while, a. rotation. of the included air; the ftopple, that, juft before, feem’d: 
fo, much to. refift the being drawn out,. fhould ceafe to make any. fuch re- 
fiftance. Nor doIfeehow the plenitude of nature fhould, as.is’ here: in-- 
timated, hinder the extraction of the ftopple ; for, according to. the ple- 
nifts, the world, and the receiver, muft be, at all. times, equally full. 
And if the contiguous. air muft, for Mr. Hobbs’s reafon, neceffarily be ex-- 
tracted with the ftopple, in. one cafe, I fee not why the like fhould not 
happen in another. Now, it appears, by our experiments, that there is. 
no {uch very ftrong, circular endeavour, in the exhaufted:receiver, as he 
pretends ; but, indeed} an endeavour of the ambient atmofphere, to prefs. 
the parts of: the glafS inwards; and cover thofé that are contiguous. to it. 
For, as L have noted. already, a light bladder, fufpended, in the recei-. 


ver, manifefted, no fuch motion, as he here fuppofes; neither were-a pair: 


of fcales fufpended within the {ame ; nor a long, magnetical needle, that 
| refted: 


be confider’d, is this: “ If any one, after the frequently repeated im-- 
pulfe, and retraction of the fucker, endeavour to draw out the ftopple. 
of the upper orifice of the receiver, he fhall find it gravitate very much; 


From a ftrong,. circular endeavour of the air within the receiver, made: 


* pulfe, and.revulfion of the fucker, improperly call’d the exfu€tion of 


_ ——— 
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‘tefted upon the point of another needle, at all whirl’d about, by this ima- Pxevmarres- 


ginary motion of the air. Befides, if you leifurely loofen the brafs ftop- 
ple, fo that it may be very near, but not contiguous to the fides of the 
focket, you fhall, manifeltly, perceive a {trong current of air to flow into 
the receiver, at that paflage ; and more than once, when, inftead of that 
piece of brafs, we. {topp’d the hole in the cover, with our cement, we 
obferv'd fometimes, whilf we were pumping, fometimes after we had 
done pumping, that the outward air, by degrees, deprefs’d the fuperfi- 
cles of the cement exposd to it, and made it concave ; and, now and then, 
would break through ir, thrufting it inward with great violence and 
noife. j i 
Mr. Hobbs, afterwards, attempts to rectify another of our explanatiotis, 
in thefe words. “ We have feen, alfo, that water let down into the re- 
" ceiver, after fome returns of the motion of the fucker, has bubbled fo, 
" as if it had boil’d over a fire which happens by reafon of the fwift- 
“* nefs of the circulating air : unlefs, perhaps, you find the water hot too, 
* whilft it bubbles. For if we were {ure it was hot, we mutt find out fome 
“ other caufe of the phenomenon. But we are certain it is not fenfibly 
“hot ; how, therefore, can the greater, or lefs motion of the atmof{phere, 
“ promote fuch a motion as this >” But, I confefs, I fee not how the 
‘circular motion of theair, within the receiver, could, in a vial, witha 
‘long neck, produce fuch effeéts as we mention ; efpecially I fee not how 
fuch a wind, . paffing along the furface of the water, could raife fo many 
very large bubbles, which feem’d, generally, to rife from the lower parts of 
‘the water, thro’ the long neck of the vial, and {pout it, as it were, into 
the receiver. | | 
As for what he fays, about the gravity of the atmofphere, *tis plain 
‘enough, that my conjeéture afcribes the phenomenon to the taking off the 


preflure of the air within the receiver 3 tho'I fee not why the removal 


of the weight.of the atmofphere, if it could be elected, out of the engine, 


fhould not havea like operation. And that the greater, or lefs preflure | 


of the air concurs to this phenomenon, appears from common experience ; 
for water, by being heated, is expanded, and generates bubbles: and our 
experiments have made it appear, that there are aerial particles in water, 
and other liquors, which tend to expand themfelves 5 and aétually. do fo 
in numerous bubbles, when the preffure of the incumbent air is confide= 
rably lefien’d. In the prefent phenomenon, that preflure being, by the ex- 
hauftion of the receiver, taken off, the aerial particles, and agitated va- 
pours abounding in the hot water, are allow’d to expand themlelves ; and 
to make fuch numerous, and great buboles, as thereby to carry off a 
large part of the water out of the vial. So that I wonder what makes 
Mr. Hobbs fpeak, as if there were no fenfible heat in the water, -under 
confideration ; fince “tis exprefly faid, that twas put in hot; and, if ic 
were put in cold, could, by no pumping, be brought to the leaft thew of 
efiervetcence. And, I have already fhewn, by experiments, that there is, 
in our exhaufted receiver, no fuch Vesna motion of the air, as he afcribes 
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Pweumarics.the phenomenon to. . Nay, whem there is, manifeftly, a whirling. mo- 


4 


tion of the air in the. glafs, upon the admiffion of the external air, the pro- 
duétion of numerous bubbles in the. water, prefently ceafes. And, there- 
fore, Mr. Hobbs might have let alone my conjecture, unlefs he could either 
have difproy’d it better, or fubftiruted a more probable one in its 
ftead. : 

Mr. Hobbs, having recited our experiment of killing animals, in the ex- 
haufted receiver, in two or three minutes, asks; ““ if thefe animals were 
* fo quickly kil’d, for want of air ; how do divers live under wa- 

ter : for fome of them, accuftom’d to it from their childhood, will fuftain 
‘the want of air for a whole hour ?. Certainly, that moft vehement 
motion, by which included bladders are diftended, and broken, kills 
thefe animals.” But, I ftill think, we want fome clearer difcovery about 
this matter, notwithftanding what has been deliverd concerning it, by. 
Mr. Hobbs; for, his argument, againft my conjecture, is anfwerd by. 
himfelf, fince he plainly intimates, that divers, who can live without air. 
for a whole hour, are accuftom’d to it from'their childhood.. Wherefore,. 
unlefs the animals that died in our engine, had been, for a long time,. 
train’d up, by degrees, to live without air, it will not follow, that the. 
want of it would not foon difpatch them ; as ordinary men may be drownd, 
in a few minutes. And, having purpofely let down fome mice, and {mall 
birds, intoa deep glafs, fill’d with water; and kept them from emerging, 
by a weight tied to their legs, or tails; tho’ fome liv'd longer than others,, 
yet F obferv’d them tobe kill’d faft ehough, to keep my conje@ture from 
being incredible : efpecially, the laft we made trial of, tho’a large and lufty 
mouie, appear’d’to be quite dead, within fomewhat lefs than a minute. 
And, we particularly took notice, that, before drowning, feveral bubbles, 
which feem’d to be the refpired air, came out of their mouths, and afcended. 


€ 6. 


thro’ the water. We have already difprov’d the fuppofition whereon Mr.. 


Hobbs’s opinion, as to the caufe of the death of animals, in the receiver, 1s° 
built ; for no fuch vehement motion, ashe pretends, is thereto be found, Nor 
does it, at all, clear the difficulty, that he would have this motion the fame 
whereby included bladders are diftended, and broken. For, ‘tis very hard, 
to conceive, how the tenacity of the air; or,its beating from all parts, 


upon the convex furface of an almoft empty bladder, (for, in fuch, alfo, 
the experiment will fucceed) fhould make it burit outwards. And, we have: 
already prov’d, that the diftenfion, and breaking of bladders, in our re~ , 


ceiver, proceeds not from any fuch motion of the neighbouring air, as 1S. 
here prefumed, but from a quite different caufe. 
Mr. Hobbs hasa long difcourfe concerning the extin@ion of fire, in our 


receiver, upon exhaufting the air ; and, he endeavours to reduce what. 


happens to Kindled coals, placed in our engine, to. what happens in cer- 
tain mines, wherein, when fome thick damps afcend, both charcoal, and 
candles are foon extinguifh’d, He, alfo, attempts to fhew, that, by the 
reciprocation of the fucker, the air, impell'd firft into the cylinder, and. 
then into the receiver, is put into fuch a motion, as gives tt a certain es 
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dle confiftence, betwixt that of pure air, and that of water. But I fhall:Pxzvxaries 
not need to examine this fecond part of his difcourfe, becaufe I deny the 
firft ; and being able to difptove the thicknefs of the air, in the exhaufted 
receiver, I need not fpend time about what he teaches of the manner. 
His hiftory of the damp, to be met with in mines, is more largely fet down 
in his elements of philofophy ; where he feems to mention it as a {tory of 
deubtful credit, which.'tis likely he would not have done, if he had then feen 
it; and if he hasnot, fince, obferv’d the thing himfelf, there may eafily be 
a miftake in fome of the circumftances : as, for inftance, the number of © 
minutes wherein the thick air choaks the fire; and ‘tis upon ‘that cirs 
cumftance, the validity of what he deduces from the obfervation, chiefly 
depends. But, however the matter ftands with thefe fubterranea! damps, . 
we have already prov’d, by (Greta of the experiments: of our engine; - 
that, in the exhaufted receiver, there is no fuch motion of the air, as . 
is here fuppofed. And it may be fufficiently prov’d, that whatever 
remains in, the receiver, is not fuch a fubftance as Mr. Hobbs would - 
have it; for, he here tells us, it ‘is of a confiftence betwixt air and: wa- - 
ter; and, in his elements, : fays, ’tis not much lighter than water: But; 
by the Magdeburgic experiment, tis evident, that the receiver, by being 
exhaufted of common air,-is fo far from growing heavier, that it lof 
above an-ounce of its former weight. And to this.agrees, what happens 
in zolipiles, that grow lighter when the air is expell’d. Befides, if the 
receiver be, in the prefent cafe, fill’d with a fubftance, whofe confiftence 
is fo much nearer'that of water, than is our commen air, as Mr. Hobbs 
would have it, why ;does not a+ pendulum move -fenfibly flower in it’; 
when,. in -water, the vibrations are fo exceedingly flacken’d’? And, the 
breaking of an hermetically, feal’d bubble, in our receiver, outwards, . 
when the air was much exhaufted, and not before, with feveral other 
experiments, -that might be eafily apply’d to this: purpofe, fufficiently - 
prove, that tis not a.thicker, and far heavier air, but amore yielding, and 
lighter, that remains, after pumping, in the cavity of our receiver. But, 
as for the thing itfelf;. when I related it, I thought it might admit a_ 
fatther enquiry :.and, indeed, there may be many ways. of extinguifh- 
ing fire; fo that, as ‘tis. not, in all cafes, eafy to affign. the true caufe 
of its-extin€tion; ‘tis .unfafe to conclude, with Mr. Hobbs, that becaufe 
a candle, or a live coal, may be extinguifh’d: by a thick damp, theres 
fore the effect muft proceed from the-like caufe, in our: receiver, where 
there is no fign of any damp, or unufual. thicknefs of the air, but of the 
contrary. | : ie 

Mr. Hobbs next, pretends to fhew, that neither the-{pring, nor weight 
of the air, have any thing to do with the two flat polifh’d marbles, not 
falling afunder in our receiver; “ becaufe,” fays he; “ the weight of © 
‘ theatmofphere can do nothing there:” he adds, “ that a ftronger, or 
*“ more evident argument could not be brought azainft a vacuum, than 
* this experiment. For, if two coherent marbles fhould, either of them; 
“be thruft. forwards that way, that their furfaces. lie eontiguous,, they 

would: 
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would eafily be fever’d; the neighbouring air fucceffively flowing inte 
the deferted place. But fo to pull them afunder, that, at one time, 
they fhould lofe their whole contact, is impoflible; the world being 
full: for then, either motion muft be made from one’ term to another, 
in an inftant; or, two bodies, at the fame time, muft be in the fame 
* place : to fay either of which, is abfurd.” But how this thould be fo 


ce 
ce 


ce 
e¢ 


cogent, and manifeft an argument, againft the vacuifts, I do not well 


difcern 3 for what it proves, ifit prove any thing, feems to be, that in 


cafe the cohering marbles could be fo fever’d, as to lofe, at once, their 
whole contact, the world might be concluded not to be full; but, I fee 
not how it thence follows, that therefore there canbe no vacuum. For 
my part, I would demand, whether the ftrong adhefion of the marbles 
be neceflary, or not, to the plenitude of the world? If it be, how 
chance a fuflicient weight, hung to the lower marble, can immediately 


draw them afunder? And, ifit-be not, why does not Mr. Hobbs affign 
_fome.other caufe of their fo itrong adhefion, if it depend neither upon 
the fpring, nor weight of the air? As for the non-feparation of the 
two marbles, in our receiver, I have faid, that the caufe may, proba- 
“bly, be the preflure of the air, remaining in the receiver; for, ’tis no 


way unlikely, that the remaining air fhould be able to fuftain a weight 
of four or five ounces, hanging at the lower marbles fince the free air 
was able to fupport between four and five hundred ounces, hanging at the- 


fame. 


But Mr. Hobbs tells us, that the caufe I affign of the cohefion of our 


-marbles, is liable to :great inconveniencies ; “ for they confefs,” fays 
che, “ that all ponderation is an endeavour, every way, by right lines, 
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“to the center of the earth: fo that it is made not by the figure of a 


cylinder, or column, but by a pyramid, whofe top is the center of 
‘ the earth; and whofe bafis is part of the furface of the atmofphere.” 
Asif it were material whether a body, whofe bafis is fcarce two inches 


€ 


«diameter, and length fome thoufands of miles, be confider’d as a cylin- 


der, ora pyramid. Certainly, Stevinus, and other learned hydroftatical 


writers, would: fcarce have made this an objection; fince they fcruple 


not to poftulate, that all perpendiculars, not very diftant, be look’d upon 


as parallel ; tho’ they allow fuch perpendiculars would meet in the cen- 


“ter of the earth. What he adds, “ that, therefore, the endeavour of all 


“the points, which ponderate, will be propagated to the furface of 
“the upper marble, before it can be propagated further to the earth :” 
to prove that the whole endeavour of the pyramid, that refts upon the 


“upper marble, is terminated there; and that there is no endeavour of 


the atmofphere, againft the under fuperficies of the lower-moft marble ; 
feems grounded, partly, upon a conceit of his, about the nature of gra- 


“wity : according to which, I fee not why any body, plac’d between the 
fides of that pyramid, or cone, whereof the upper fuperficies of the 
higher marble is the bafis, fhould defcend upon the account of gravity ; 
~and, partly, from a miftake of my opinion: ‘for, I no where {peak as if 
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I thought the lower marble was fuftain’d by little globules, or other Preumerics. 
minute bodies, protruding one another, directly towards the center of Jie 
the earth, and rebounding from a perfectly fmeoth: furface.. Nor, need 
{ fay, that the lower ftone is fuftain’d by the preflure of the fame 
ae of the atmofphere, as. refts on the upper; fince other parts of 
the atmof{phere, fome on the one hand, and fome on the other, pref- 
fing obliquely upon the uneven furface of the earth, may have their 
preflure upward, terminated againft the lower furface of the under- 
moft marble. Thus, an zolipile being, by heat, well freed from air; 
if the little orifice, at the extremity of the neck, by which the air 
gets in and. out, be foon carefully ftopp’d with wax, and afterwards - 
fuffer’d to cool, there will. not be, in the cavity of the zxolipile, a re- 
fiftance near equal to the preflure of the outward air. And, there: 
fore, if you perforate the wax, that air will be violently impell’d in, 
at the unftopp’d orifice, whether the neck be held parallel; or per- 
pendicular to the horizon ; or, in any other fituation,.in refpeét of the 
center of the earth. And the like will happen, if the zolipile be un- 
ftopp’d under water. _ : 

And, I lately met with the relation of an experiment, which a= - 
Gundantly makes out the power of the ambient atmofphere, to prefs. . 
bodies againft each other, when it cannot get between their internal. 
furfaces. The ingenious author of the Magdeburgic experiment, writes 
to the induftrious Schottus, that having caus’d. two copper plates to be 
made, almoft in the form of fcales, a little above half anell in diame~ 
ter, and exactly fit ; if when laid upon one another, “ the air be drawn: 
". out, they are kept fo comprefs’d, and united, by the gravity of the: 

* external air, that fix ftrong men cannot pullthem afunder; but if, at 
“length, they are disjoin’d, they make a noife equal. to the report of 
“a mufquet ; yet as foon as ever there is the leaf entrance given to 
“the air, they fall afunder of their own accord.” And, if a glafs vial. 
have a pipe open at both ends, fo fitted to it, that no air can get in 
or out, betwixt the neck and it ; and ifthe vial be fo far fill’d with wa- 
ter, that the lower-end of the pipe be well immers‘d therein.; if you’ fuck. 
at the upper-end of the pipe, the water will’ afcend’ toa great height ;. 
which argues its. being fore’d upwards, by the oblique preffure of the 
air in the vial: for “tis only in the pipe, and not in tHe’ vial that 
there is any air in the fame perpendicular with. the water that is im= . 
ell'd. : | 
: Ais to the afcent of liquors by fution, Mr. Hodd's fays; “ whoever + 
“ fucks:water into his mouth by a’ pipe, firft fucks up the air between; . 
“* whereby. he removes the external: diftended’ air, which can have to’ ~ 
“* place; but by removing the next; and! fo, by’ continual’ pulfion,- the: - 
““ -wateriis, at length, driven into the pipe;. and” flicceeds: the air which: | 
“is: Tuckd out.” And) this. account of the phenomenon is, alfo}. given’ | 
by; the learned Gaffendus, and other atomifts; and feems> generally ace. 
quiefc’'d in by the modern. philofophers. But, though. I deny not,. that. 
many, 
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| oa thany phenomena- of nature, may be, probably, explain’d ‘by this pro- 


pagation, and return of motion ; yet there are fome others, here below, 


which. I fee not how. the Cartefiaus, the atomifts, or Mr. Hobbs, can folve, 


without admitting the {pring of the air ;. and which, perhaps, may, by the » 
{pring of the air, be explaind, without recurring to fuch a propagation, and © 


return of impulfe. I-took a glafs veffel, confifting of two parts ; the 


-ene, a vial, capable of containing about a pound of water; and. the 
other, a pipe, open at both ends ; the lower of which reach’d within two 
qnches of the bottom of the vial: this pipe was faften’d into the neck 


of the vial, with melted glafs, of a good thicknefs ; and into the veflel, by 
the open pipe, I pour’d ‘water enough to {wim a pretty way above the 


intercourfe betwixt the air within the vial, and that without it : whence, 


-#fthe external air were compreis'd by the affufion ofthe water, it might 
‘free itfelf, as it readily did, by afcending in bubbles. along the-inclined 


pipe, till the outward and inward air were reduced to an equality of 
preflure. ‘Now, if all-fu@ion were produced by the preflure of the 
air, thruft away by the dilated cheft of him that fucks, and fo thruft- 
yng the fluid’ into the pipe, it feems evident, inourcafe, that the water, 


‘would not afcend’by futtion; fince by the contrivance of the veflel, the 
air thruft away by him that fucks, cannot, at all, come to prefs upon. 


the water. “Yet, whether the pipe were inclin’d, or erect, the water 
afcended, upon fuétion, to the top of the pipe, and ran over .into.my 


-mouth, ‘and that with tolerable -eafe: for tho’ the {pring of the air, pent 


up inthe vial, were able, upon the decreafe of the preflure of the out- 


ward air, occafion’d by my fuckinz, to impel the water ftrongly into the 
pipe; yet, when a moderate quantity of water had been fo impell’d, the 


included air, gaining, thereby, more room to expand its f{pring, was fo 
‘much weaken’d, that the water afcended far lefs eafily than in ordinary 


faction. And, to fhew that the afcent of the water, in the pipe, did. not 
proceed from any fuch tendency, in the water itfelf, to afcend, for pre- 
-wention of a vacuum; I carefully took out the water, by degrees, till the 


lower-end of the pipe lay but very little under the furface of the waters. 
tho’ in the cavity of the pipe, the water was confiderably higher : then 


‘{uffering the veflel toreft, and fucking atthe upper-end of the pipe, the 
“water was impell’d up, yet without reaching near the top, till the furface 
-of it was fallen a little below the bottom of the pipe. But then, though I~ 
-continud fucking, no more water afcended into the pipe ; but the air paf- 
Aing thro’ it, towards my mouth, in its paflage. tofs’d.up the water that 
“was already in the pipe, and turn d it into, bubbles,, which broke with 


noife one after another. And thus the afcending air long kept the 


“water, in the pipe, from falling back to that in the vial; but, when 
I remov'd my mouth, the fpring of the air, remaining in the «cavity 
_¢of. the vial, being weakend by the recefs of the air, I had fuck’d out, 


it 


ant 


Jower-end ofthe pipe; and then often’inclin’d the veflel to give a free 
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it was not able to refift the preflure of the outward air; and, accor- Pxeumazres 
_dingly, the water in the pipe, was not only deprefs’d into the vial, ““ V¥™~ 

but the external air forc’d its way, in many bubbles, and not without 
fome noife, through the water contiguous to the bottom of the pipe, 


till the preflure of the included air, and that of the atmofphere, were 
reduced to an equality. 
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VACUUM. 


Here only propofe toconfider, whether Mr. Hobbs has cogently prov’d 
his aflertion, that there is no fuch thing as a vacuum ; and whether 
he has rightly explain’d thofe phenomena of nature, which he under- 

takes to folve; and efpecially thofe produc’d by means of our engine. 
And, firft, as I account for the adhefion of two flat polifh’d marbles, by 
the preflure of the air, Mr. Hobbs thinks this phenomenon fo fully proves 
the plenitude of the world, that tho’ he tells us, he has many ftrong ar- 
guments to make it out, yet he mentions but this one, as abundantly fuf- 
ficient; for, fays he, fince the vacuifts allow inter{pers 'd vacuities, not 
only in the air that furrounds the join'd marbles, but in the reft of the 
ambient air, there is no reafon why there fhould be any difficulty in fe- 
parating the marbles; or, at leaft, any greater difficulty than in moving 
them in that air, after their feparation. But they willeafily anfwer, that, 
notwithftanding the vacuities they admit in the ambient air, a manifeft rea- 
fon may be given, on their hypothefis, of a difficulty in the divulfion of 
the marbles: for, the vacuities. they admit, being but interfpers’d, and very 
{mall ; and the corpufcles of the atmofphere being, according to them, en- 
dowd with gravity, there reft fo many upon the upper furface of the 
marble, that this ftone cannot be, at once, perpendicularly drawn up from 
the lower, contiguous to it, without a force able to furmount the weight of 
the aerial corpufcles that prefs upon it. And this weight has already fo 
condensd the neighbouring parts of the ambient air, that he, who would 
per- 
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perpendicularly raife the upper marble from the lower, needs 4 Génfide- Patvsarics. 
rable force to make the revulfion, ahd compel the contiguous parts of the 
incumbent air, to enter the pores, or intervals intércépted between them. 
For, the force of him, who endeavours to raife the upper marble, whifft 
the lower furface of it is fenc’d from the preflure of the atmofphere, by 
the contact of the lower, which fuffers no air to come ii between them, 
Is not affifted by the weight, or preffure of the atmofphere ;_ which, when 
the marbles are once feparated, preffing as ftrongly againft the under fur- 
face of the upper marble, as the incumbent atmofpherical column does 
again{t the upper furface of the fame marble; the hand which endeavours 
to raife it, in the free air, has no other refiftatce, than that fmall one of 
the marble’s own weight to furmount. 

And as for the reafon which Mr. Hobbs, and, as he thinks, all others 
give of the difficulty of this divulfion, “ that the whole {pace between 
** the two feparated marbles, cannot be inftantaneoufly fill’d by the air, 
“* let the feparation be ever fo fudden;” the plenifts may give a more 
plaufible account of this experiment, than he has here done ; and, there~ 
fore, abftraéting from the two oppofite hypothefes, I may fay, that the 
genuine caufe of the phenomenon feems to be that which I have already 
affign’d; and that the difficulty of raifing the upper ftone, attending the 
airs not being able to come in all at onee, to poflefs the {pace left be- 
tween the furtaces of the two marbles, upon their feparation, proceeds 
from hence; that, till this fpace be fill’d with the atmofpherical air, the 
hand, which would. raife the upper marble, cannot be fully affifted by 
the preffure of the air, againft the lower furface of that marble : for, fince 
I declare not for the hypothefis of the plenifts, as ’tis maintain’d. by Mr. - 
Hobbs, | am not bound to allow, what the common explanation, adopted 
by my adverfary, fuppofes, that either nature abhors a vacuum ; or, that 
there could be no divulfion: of the marbles, unlefs at the fame time, 
the air were admitted into the {pace that divulfion makes for it. And a 
vacuift may fay, provided the ftrength employ’d, to draw up the upper 
marble, be able to furmount the weight of the aerial corpufcles, ac- 
cumulated upon it; the divulfion would enfue, though no air, or other 
body, fhould be permitted to fill the room made for it, by the divulfion ;— 
and that the air’s rufhing into this fpace, does not, neceflarily, accom- 
pany, but, in order of nature, and time, follow, updn-a feparation of 
the marbles; the air that furrounded their contiguous furfaces, being, 
‘by the weight of the collateral. air above, impell’d into the room newly 
made by thedivulfion. But, having’ purpofely, in our pneumatic receiver, 
accommodated two flat and polifh’d marbles, fo that’ the lower being’ 
fix’d, the upper might be laid upon it, and drawn up again, as’ there 
fhould be occafion; [-found, that if, when the receiver was well exhautted, 
the upper marble was, by a certain contrivance, laid flat upon the lower, 
they would not then:cohere, as before, but, with great eafe, be feparated ; 
tho’ it did not, by any phenomenon, appear, that any air could ruth 
in, to poflefs the place given-it by the recefs of ‘the upper marble ; whofe 
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(Pxewmaries.yery ealy avulfion, feem’d owing tothe preflure of that little air remain- 


ing in the receiver, being too faint. to make any confiderable refiftance 
to the feparation of the upper marble ; whence the hand, that drew it up, 
had very little more to overcome, than the fingle weight of the ftone. 


., But the caufe Mr. Hobés affigns for this phenomenon, is improbable ; and 


a better has been affign’d already. For, firft; he requires, to the divul- 
fion. of the marbles, a force great enough to furmount the hardnefs of 
the ftone. But, this is gratis dictum ; and, it feems very unlikely, that fo 
{mall a weight, as will fuffice to feparate two coherent marbles, of about 


_ aninch, for inftance, in diameter, fhould be able to furmount the hard- 


nefs of fuch folid ftones, as we ufually employ in this experiment. And, 
tho’ it be, generally, judg’d more eafy to break a broader piece of mar- 
ble, cateris paribus, than a much narrower ; yet, neither I, nor, I believe, 
Mr. Hobbs, ever obferv'd any difference in the refiftance of marbles to fepa- 
ration, arifing from the greater or lefs thicknefs of the ftones. Yet; I 
find, by. conftant experience, that, ceteris paribus, the broadnefs of the 


coherent marbles, exceedingly increafes the difficulty of disjoining them. 


But Mr. Hobbs, upon the fuppofition of the world’s plenitude, illuftrates 
our phenomenon, by drawing afunder the oppofite parts of a piece of 
wax: avery improper inftance, furely! For, the parts.to be divided in 
the wax, are of a foft, and yielding confiftence, and, according to him, of 
a ductile nature; and not, as the parts of the coherent marbles, very folid 
and hard. The parts of the wax, alfo, donot ftick together, barely, by 
a fuperficial contaét of two {mooth planes, as do the marbles we are 
{peaking of ; but have their parts intangled with one another ; and, there- 
fore, they are far from a difpofition to flide afunder, like the marbles. 
Befides, ‘tis manifeft, that the air has opportunity to fucceed in the 
places fucceffively deferted by the receding parts of the attenuated wax: 
but ’tis neither manifeft, nor well proved by Mr. Hobds, that the air, after 
the fame manner, fucceeds between the two marbles; which, as I lately 
noted, are not forced afunder, after fuch a manner; but, as himfelf 
{peaks, fever’d, inall their points, at the fame inftant. os ie 

In the fecond place, a better folution of the phenomenon has been al- 
ready given, from the preffure of the atmofphere, upon all the fupertficial 
parts of the upper marble, except thofe that touch the plane of the lower. 
And to fhew, that when two coherent marbles are fuftain’d, horizontally, 
in the air, the caufe why they are not to be fore’d afunder, if they have 
two or three inches in diameter, without the help of a confiderable weight, 
is the preflure of the ambient air; Icausd two fuch coherent marbles to 
be fufpended in a large receiver, with a weight at the lower, that might 
help to keep them iteddy ; but was very inconfiderable to that which 
their cohefion could have furmounted : then caufing the air to be pumpd, 
by degrees, out of the receiver, the marbles long ftuck clofe together ; 
becaufe, during that time, the air could not be fo far exhaufted, but that 
there remain’d enough to fuftain the fmall weight, which endeavour’d their 
aivulfion. But, when the air was further evacuated, at length, the {pring 
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of the little expanded air, that remain’d, being grown too weak to fuftain Pstumaries.. 
the lower marble, and its {mall clog, they dropp’d off. And, to con-. ioe 
firm my explanation of our phenomenon, I fhall add, that as this trial,. 
which I had, feveral times, occafion to repeat, fhews the cohefion of our 
two contiguous marbles, would ceafe,. upon withdrawing the preffure of: 
the atmofphere ; fo, by another experiment, it appears, that fuch.a pref- 
fure fufficed to caufe that cohefion : for, having found, that when the 
receiver was well exhaufted, two marbles, tho’ confiderably broad, being. 
laid upon one another, after the requifite manner, their adhefion became 
fo weak, that the upper would be eafily drawn up from the other, we. 
laid them again one upon the other ; and then letting the external air flow: 
into the receiver, we found that the marbles now adhered {fo well together, 
that we could not raife the upper without the lower. : 

But, farther, Mr. Hobbs, in arguing againft our engine, unjuftly fuppo-- 
fes the whole defign of it to be the proof of a vacuum; for, or againft 
which, I have never yet declared.* 3 

Befides, he feems not to have rightly underftood,. or, at leaft; not to 
have fufficiently regarded, in what, chiefly, confifts the advantage which 
the vacuifts may make of the air-pump, againft him. In feveral. places he: 
is very follicitous to prove, that the cavity of our pneumatical receiver, is. 
not, altogether, empty ; but, the vacuifts may tell him, that, fince he af- 
ferts the abfolute plenitude of the world, he muft reject, not only great va~ 
cuities, but, alfo, thofe very fmall, and interf{pers‘d ones, which, they fuppofe,. 
are intercepted between the folid corpufcles of other bodies, and particu-- 
larly 


* The moft cautious, and referv’d phi- 
lofopher, need, now, make no {fcruple to 
affert a vacuum. Sir Ifaac Newton has fur- 
nifh’d us with feveral arguments, which 
are decifive of this point. Thofe, indeed, 
who make the effence of matter to confift 
in extenfion, may well deny a vacuum ; 
but the nature of gravity,which is propor- 
tionable to the matter, or folid content 
of bodies, fully demonftrates, much the 
largeft part of the univerfe to be empty 
fpace. The motions of the comets, alfo, 
- demonftrate a vacuum ; for, thefe move 
in all manner of planes, and direftions, 
thro’ the vaft celeftial fpaces, without any 
fenfible refiftance. The vibrations of pen- 
dulums confirm the fame; for, if they be 
made to move ina fpace free from air, 
they, likewife, meet with no refiftance ; 
and, therefore, there 1s no fenfible matter 


remaining in that fpace. If there were , 
“© vens were as denfe as water, they would 
“ not have much lefs refiftance: than wa- 
‘ter; if asdenfe as quick-filver, they 


no vacuum, a projectile in the air, or, ina 
fpace deftitute of air, would meve as 
flowly as in quick-filver ; for, the refift- 


ance of fluid mediums:is nearly in propor-- 
tion to their denfity: and, ‘tis a great 
miftake, to think that the refiftance of 
projectiles will decreafe in infinitum, by an 
infinite divifion of the parts of the fluid ; 
for, ‘tis plain, that refiftance- cannot be 
Ulnar ably leffen’d, by dividing the parts - 
of the fluid. For, why fhould not the: 
fame quantity of ‘matter have the fame 
power of refiftance, when divided into. 
many fubtile-parts; as when divided into - 
a few that-are larger? A fphere, mo- 
ving in a comprefsd fluid at reft, and: 
of the fame denfity with itfelf, would: 
lofe half its motion, before it had gone 
twice the length of its diameter. 

In another place, the fame great philo- 
fopher argues thus. ‘* The refiftance of 
‘water arifes principally, and, almoft, 
‘‘ intirely, from the Vis inertie of its mat- 
“ ter; and, by confequence, ifthe hea- 


** would 


Puromanies-larty, of the air: whence it would not confute them to prove, that, in our: 
ry ‘receiver, when. moft thoroughly exhaufted, there is not one great and abfo- 


Glafs impervi- 
0#s £0 Aire 
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lute vacuity; or, as they fpeak, a vacuum coacervatum; fince -{maller, and 
difleminated vacuities would ferve their turn. And, therefore, they may 
: « e e > ° 

think their pretenfions highly favour’d, as by feveral particular effeéts, 


fo by this general, phenomenon of our engine, that the common, or at- 


mofpherical air, which, before the pump was work’d, poflefs’d the whole 
cavity of our receiver, is, by the contrivance of the pump, made, in a 
great meafure, to pafs out of the cavity into the open air, without being 
able, at leait, for a while, to get. in again; yet it does not appear, by 
any thing Mr. Hobbs has alledg’d, that any other body fucceeds, adequately 
to fill the fpaces deferted by fuch a multitude of aerial corpufeles.. 

And, tho’ he endeavours to prove our receiver to be always full of air ; 
yet, that the common air cannot enter thro’ the pores of glafs, appears 
by the following experiment. We took a bubble of thin white glafs, about 
the bignefs of a nutmeg, witha very flender ftem, four or five inches long, 
and of the thicknefs of a crow’s quill; and holding the end of this fem 
in the flame ofa lamp, blown with a pair of bellows, it was readily feald 
up; and prefently the {pherical part of the glafs being held by the ftem, 
was kept turning in the flame, till ir became red-hot, and ready to melt ; 
then, being a little removed from the heat, as the included air began. to 
lofe of its agitation, and {pring, the external air manifettly, and confidera- 
bly prefs'd in one of the fides of the bubble. Bur the glafs being again, 


** would not have much lefs refiftance [ ** ferves only to ftop the vibrating motion 


&¢ 
€é 
es 
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than quick-filver; if abfolutely denfe, 
or full of matter, without any vacuum, 
let the matter be never fo fubtile and 


‘ fluid, »they would have a greater refift- 
‘ance than quick-filver. 
.in fuch a medium, would lofe, above 
half its motion, 1n moving three times 
| the length of its diameter ; and,a globe, 
notiolid, fuch as are the planets, would 


A folid globe, 


be retarded fooner. And, therefore, 
to make way for the regular, and, laft- 
ing. motions. of the planets, and co- 
mets, ‘tis, neceflary to empty the hea- 
vens. of. all matter, except, perhaps, 
fome very, thin vapours, fteams,or efluvia, 


* arifing from the atmofphere of the earth, 


planets, and comets.. A denfe fluid.can 


be of, no ufe. for, explaining the. pheno- 


mena of nature; the motigns.of the pla- 


‘nets, and comets, being better explain’d 
*.~ without it. : 
‘-and: retard, the motions, of thofe. great 


It ferves only to. difturb, 


bodies, and, make the-frame. of nature 


‘* languifh:: and, in the pores. of badies, it: 


€¢ 


dres haye. more pores, than folid parts; | 


of their parts, wherein their heat and 
activity confifts. And, as it is of no ufe, 
and, hinders the operations of nature, 
and makes her languifh 5 fo there is no 
evidence for its exiftence, and, there- 
fore, it ought to be rejected.” 

“If all {pace, was equally full, the 
fpecific gravity of the fluid, where- 
with the region of the air is fill’d, 
would, by, reafon of the vaft denfity 
of its matter, be as heavy in fpecie, 
as quick-filver, gold, or any other 
the moft denfe body ; whence neither 
gold, nor any other matter, would 
defcend in that air: for, no bodies 
defcend in fluids, that are not fpeci- 
fically, lighter than. they.” | 

"Tis farther. demonftrable, that all bo- 


and, that, fome have infinitely more pores 
than others; whence arifes another. proof 


of a vacuum. 


ELS Cae, 


Sec. Newton Optic. p. 310, 
Princips Po 3155 317. 328. 342, 


343+ 303. 
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before the cold crack’d it, held, as before, in the flame ; the rarified air P*= 
diftended and plump’d up the bubble ; which, being the fecond time re- “ 


mov'd, was a fecond time comprefs’d ; and being, the third time, brought 
back to the flame, {well’d as before, and removed, it. was again comprefsd ; 
till, at length, having fatisfied ourfelves, that the included air was capa- 
ble of being condens’d, or dilated, without. the ingrefs or egrefs of air, 
properly fo called; we held the bubble fo long in the flame, ftrengthen’d 
by nimble blafts, that not only it had its fides plump’d up, but a‘hole:vio- 


Jently broken in it, by the over-rarified. air, tho’, till then, it was no way 


crack'd. | | | 

Hence, it eafily appears, how impervious our thick pneumatic. receivers 
are to common air ; fince a thin glafs bubble, when its pores. were opend, 
or.relaxd by flame, would not give paflage to the {pringy particles of the 
air, tho’ violently agitated: for, if thefe particles could have got out of 
the pores, they never would have broke the bubble; nor, probably, would 
the compreffion, that afterwards 'enfued, of the bubble, by the ambienv air, 
be ‘check'd. near fo. foon,-if thofe {pringy corpufcles had: not | remain’d 
withinte make,refiftaneév) so 0 | ‘chit 
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Yet, what I principally defign’d, in this experiment, was, to fhew,and TM nature of 


prove at. once, by an inftdncé. not liable to the ordinary exceptions, the 
true nature of rarifa€tion, and condenfation, at Ieaft, of the air : for, ’tis 


here plain, that when. the bubble, .after the glafs had been firft thruft im, 
towards the center; was expanded 'again by heat, the: included air pof= 


fefsd more.room. than. before ;. yet: it! could: perfectly fill no more room 
than before ; each aerial particle taking up, both before and after the heat- 
ing of the. bubble, a portion .of {pace adequate to its own bulk : fo that 
inthe. cavity of the expanded bubble, we muf either admit vacuities inter= 
{pers’d. between the corpuicles of the air ; orallow, that fome fine particles of 


the flame, or other fubtile matter, came in, 'to fll up thofeinterftices ¢which . 
matterimuit have enter d the cavity of the giafs atts pores: And, afterwards, | 


when, the red-hot bubble was remoy’d. from the flame, it is evident, that fince 


the. grofler, particles of the air could not get thro’ the glafs, which they were - 
unable.te do,, even. when yehemently agitated, by. an ambient flame; the coms - 


pxeffion of the babble, and.the condenfation-of the air, neceflarily confequent 


upon. it, cou’d. not, fuppofing the: plenitude of the world, be perform’d. 
without fqueezing: out dome of the fubtile matter, contain’d: in. the cavity. 


of the bubble, whenee it-could nov iffue but atthe pores of the'glafs.. 


vavifaétion, and: 
tondenjation. 


Mx... Hobbs. is pleas’: to.compate’ our pneumatic engine to! ao — Suny, The prefure of: 
ay f¥o, sabe Sbacs purine a gine to: a pot gun; us mani= - 


and attributes the phenomena,:exhibited im the: exhaufted receiver, to the ¢te2 to the eye 


expanfive..endeaveur.. ofthe ain outwards: Ii fhall, therefore,: thew) that 
there 1s, in our exhaufted receiver, no fuch {trong endeavour outwards, as 


he fuppofes; bur.that the weight of the atmofpherical air, when’tis: not 


refitted. by the counter-preffure of any internal air, is able to perform 
what a weight of many: pounds would not fuflice for. Glafs. not being’a 


yielding, body, cannot, by: the alteration: of its. figure, fron aw external. 


uniform, preflure, fhew: when fuch:an one is.exercis’di upon it; and, theres 
: | fore, 
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| Pseumaries.fore, inftead of a receiver of glafs, we provided one of pewter, and applied 
AAV iv to the engine, after the ufwal manner. And tho’ the inverted veflel, by 
‘yeafon of its ftiffnefs, thicknefs, and the convexity of its fuperficies, were 
{trong enough to have fupported a great weight, without changing its fi- 
gure; yet, as foon as by an exfuction or two, the remaining part of the 
included air was brought to fuchia degree of expanfion, that its weaken’d 
fpring was able to afford little affiftance to the «tenacity and firmnefs 
_of the metal, the weight of the pillar of the incumbent atmofphere, pre- 
fently deprefs’d the upper-part of the veffel ; at once leflening its capacity, 
and changing its figure ; fo that, inftead of the convex furface, it gain’d a 
‘concave one. ~The experiment fucceeded, alfo, with a ‘common pewter 
-porringer. And, fometimes I found, alfo, that the veffel would be thruft 
in, not at the top, but on the fide; ifthat were the only part made too 
thin to refift the external preflure. 7 
“Whether air pee Mr. Hobbs, afterwards, proceeds to the Torricelian experiment ; which 
Seen he will-needs have perform’d by means of air in the tube ; and attempts 
“Foricellian to prove,that air may pafs thro’ quick-filver, becaufe a blown bladder, for- 
oe: Sala 3) aid under it, will, of itfelf, emerge, when the detaining force is 
remov d. au ser pip : 
This, I confefs, is furprizing. It concern’d Mr. Hobbs to prove, that as 
much air as was difplac’d by the defcending mercury, did, at the orifice 
cof the tube, immers’d in ftagnant mercury, invifibly afcend to the 
apper-part of the pipe ; and, he tells us, that a’ bladder full of air, 
being deprefs’d in quick-filver, will, when the hand that deprefs’d it is 
yemov'd, be fqueez'd up by the very weight of the mercury ; whence it 
follows, that’ air may penetrate quick-filver. But, who ever deny'd that 
air, furrounded with quick-filver, may, thereby, be {queez’d upwards ? 
And, fince even very {mall bubbles of air, may be feen to move in their 
‘paflage thro’ mercury, how will this example help Mr. Hobbs? For, ‘tis 
by mere accident that the air, included in the bladder, comes to be buoy’d 
up, becaufe the bladder itfelf is fo ; and, if it were fill’d with water, 
inftead-of air; or with ftone, inftead of water; it would, neverthelefs, 
emerge, as himfelf confeffes, if it were iron, or any matter, ex- 
cept gold; becaufe all other bodies are lighter in fpecie, than’ quick- 
filver. But, fince the emerfion of the bladder is manifeft’ enough to 
the fight, how does this prove, that the air gets into the Torricellian 
tube invifibly ; fince our eyes difcover no fuch motion of the air, which 
mutt not only, pafs unfeen thro’ the fuftain’d quick-filver, but, likewife, 
imperceptibly dive, in fpight of its comparative lightnefs, beneath the 
meee of the ftagnant mercury, to get in at the orifice of the eretted 
tube. 7S . | 
- But, to clear up this matter, having made the Torricellian ‘experiment 
in a ftraittube, after the ordinary manner, we took a piece of fine blad- 
der, and, raifing the. pipe a little in the ftagnant mercury, but not fo high 
as the furface thereof, we dextroufly convey'd it into the quick-filver, fo as. 
tobeiapply’d by the finger to the immers’d orifice of the pipe, without let- 
ting 
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ting the air get into the cavity of it; then the bladder was, cautioufly, ty’d Preusaries, 
very tight to the lower end of the pipe, whofe orifice it cover'd before, and ( 
the pipe; being now flowly lifted out of the flagnant mercury, the fuftain’d 
quick-filver appear’d to prefs, but very lightly upon the bladder; being fo 
near an exact equilibrium with the atmofpherical air, that if the tube were 
but a very little inclin’d, whereby the perpetidicular gravitation of the quick- 
filver came to be fomewhat leflen’d, the bladder would immediately be dri- 
ven into the orifice of the tube, and to the eye, placd without, appear to 
have acquir’d a concave fuperficies, inftead ‘of the convex it had before. 
-And;.when the tube was again erected, the bladder would no longer ap= 
pear fuck’d in, but be again’ fomewhat protuberant. And, if, when the 
mercury in. the tube was made to defcend, ‘a little below its ftation, into the 
fiagnant quick-filver, the piece of bladder were, at the junéture, nimbly 
and dexteroufly apply’d, as before, to the immers’d orifice, and faften’d to 
the fides of the pipe; upon lifting the inftrument out of the ftaenant mer- 
cury, the cylinder of quick-filver being now fomewhat fhort of its due 
height, was no longer able, fully to counterpoife the weight of the atmo- 
{pherical air’; which, confequently, tho’ the glafs were held erect, would 
prefs up: the bladder into the orifice of the tube, and caufe acavity, fenfible 
both to the eye and touch: 7 
~ “This experinient fully thews, that the preffure of the external air is able 
to fuftain a cylinder:of twenty-nine or thirty inches of mercury, and, up- 
on a {mall diminution of the gravity of that ponderous fluid, to prefs it up 
higher into the tube. : But a farther ufe may be madeof it againft Mr. Hobbs. 
For, when the tube is again erected, the mercury will fubfide as low as at 
firft, and leave ‘as great a {pace, as formerly was left deferted at the top; 
into which, how the air fhould get to fill it, will not appear eafy to them, 
who know, that a bladder will rather be bur by air, than afford it paf- 
fage. Andif it fhould be pretended, either, that fome air from without 
had got thro’ the bladder, or, that the air prefum’d to have been, jut be~ 
fore, included between the bladder and the mercury, made its way from the 
lower part of the inftrument to the upper ; we reply, ‘tis no way likely, 
that it fhould pafs all along the cylinder, unperceiv'd by us; fince when there 
are really any aerial bubbles, tho’ fmaller than pins heads, they are eafily 
difcernible. And, in our cafe, there is no fuch refiftance of the air to the 
afcent of the ftagnant mercury, as Mr. Hobbs pretends in the Torvicellian 
experiment, made after the ufual way. ih 

But further, we took a cylindrical Pipe of glafs clofed at the upper end, 
and folong, that being dexteroufly bent at fome inches diftance from the bot- 
tom, the fhorter leg was made parallel to the longer. In this elafs, we found 
an expedient to make the Torricelliau experiment ; the quick-filver in the fhorter 
leg ferving inftead of the ftagnant portion in the ufnal barofcope ; and that 
in the longer leg, reaching above the mercury in the fhorter about eight or. 
nine and twenty inches. ‘Then, by another artifice, the fhorter leg, into 
which the mercury did not rife within an inch of the top, was fo order’d, 
that itcould in a trice be hermetically feal’d up ; an inch of common air be- 
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Pxeumaries-ing leftin it, without difordering the mercury: and having, in this manner, 


How water 


fhur up fuch a quantity of uncomprefs’d air, we warily held a pair of 


heated tongs near the outfide of the glafs, whereby, the air being agitated, 
was enabled to expand itfelf to double its former dimenfions; and, confe- 


quently had its {pring fo ftrengthen’d, that it was able to raife all the quick-~ 


filver in the. longer leg, and fuftain a mercurial cylinder above nine and 
twenty inches high ; when,were it not for the heat, it would have loft half the 
force of its elatticity. 

Now Mr. Hobbs will find it very difficult to fhew, what keeps the mer- 
eury fufpended in the longer leg of fuch a barometer, when the fhorter leg 
is unftop’d, at which it may runout; fince this inftrument is portable. 
And when the fhorter leg is feal’d, it will be very hard for Mr. Hobbs to 
fhew there the odd motions of the air, to which he afcribes the Zorricellian 
experiment. For if you warily incline the inftrument, the quick-filver will 
rife to the top of the longer leg, and immediately fubfide, when the inftru- 
ment is again ereéted ; and yet no air appears to pa{s thro’ the quick-filver 
interpos’d between the ends of the longer, and the fhorter leg. » But that, 
which I would. chiefly take notice of in this experiment, is, that upon the 
external application of a hot body to the fhorter leg, when feal’d up, the in- 
cluded air was expanded from one inch totwo; and fo rais‘d the whole cy- 
linder of mercury in the longer leg ; and whilft the heat continu’d: undimi- 
nifh’d, kept it from fubfiding again. For if the air were able to get, unfeen, 
thro’ the body of the quick-filver, why had it not been much more able, 
when rarify’d by heat, to pafs thro’ the quickfilver, than for want of do- 
ing fo, to raifeand fuftain fo great a weight of mercury ? 

The laft thing attempted by Mr. Hobbs, in his problems, is to account for 


comes to afvendthe rife of water into a vial plung’d therein,with the mouth downwards, af- 


in glafes a 


t ~ ° 4 
fone of their ater fome air has been fuck’d out of it: where he demands, upon fuppo- 


és drawy out. 


fing a Vacuum, and, confequently, interfpers’d vacuities in the air of the 
vial, “ how .it happens, that the water would not afcend before the fuction 
was made?” ‘To this the vacuifts will eafily anfwer, by acknowledging, 
that there were, indeed, interfpers’d vacuities in the air contain’d in the vial, 
before the fuétion; but adding that there was no reafon why the water 
fhould afcend to fill them, becaufe, being a heavy body, it cannot rife of itfelf, 
but muft be rais’d byfome prevalent weight or preflure, which was then 
wanting, Befides, there being interfpers’d vacuities, as well in -the 
reft of the air that was very near the water, as in that contain’d in the 
vial, there is no reafon why the water fhould afcend to fill the vacu- 
jties of one portion of air, rather than that of another» But, when once, 
by fuétion, many of the aerial corpufcles were made to pafs out of the vial, 
the {pring of the remaining air being weaken’d, whilft the preflure of »the 
ambient air, which abe upon its conftant gravity is undiminifh’d, the 
{pring of the internalbecomes unable to refift the weight of the external air ; 
which is therefore able to impel the interpos’d water, with fome violence, in- 
to the cavity. of the glafs, till the air, remaining in that cavity, beimg re- 
duced, almoft, to.its. ufual denfity, is able, by its{pring, and theweight of 

| ‘the 


\ 
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ey 


the water got up into'the vial, to hinder any more from afcending. For, as T3eanies: 


to what Mr. Hobbs affirms, that ‘* the perfon, who fucks the vial, draws 
“* nothing into his ftomach, lungs or mouth;” how he will reconcile this 
with what he elfewhere delivers about fuGion, Ileave him to confider. I 
cannot, however, but wonder at his confidence, who can pofitively affert a 
thing fo repugnant to the common fentiments of men of all opinions, with- 
out offering any proof for it. But, I fuppofe, they who are, by trial, ac- 
quainted with fuction, and have felt the air come in at their mouth, will pre- 
er their own experience to his authority. And as to what he adds, that 
the perfon who fucks, agitates the air, and turns it within the vial intoa kind 
of circulating wind, that endeavours every where to get out; I with he had 
fhewn us, by what'means’a man in fucking makes this odd commotion in 
the air, efpecially, in fuch vials as I employ about this experiment, the ori- 
fice whereof is fometimes lefs than a pin’s head. 

But that real air may be extraéted, by fuétion, out of a glafs, appears 
by an experiment made with a receiver exhaufted by our pump ; and, confe- 
quently by fuétion. For, when we had counterpois’d itin very nice {cales, 
and, afterwards, by turning a ftop-cock, let in the outward air, there ruth’d 
in as much to fill the {pace deferted by the evacuated air, as weigh'd fome 
{cruples, tho’ the receiver were not of the largeft fize. 

Mr. Hobbs pretends, that as foon as the neck of the vial is unftopp’d un- 
der water, the air that whirl’d about before, makes a fally out, and forces 
in as much water. But if the orifice be any thing large, you, will, inftead 
of feeling an endeavour to thruft away your finger that ftop’d it, find the 
pulp of it, fo thruft inward, as to appear to be fuck’d in. And this may 
be the reafon why the lip of him who fucks, is often ftrongly faften’d to the 
orifice of the vial’s neck; which Mr. Hobbs afcribes to a mot exquifite 
contact, but without clearly telling us how that extraordinary contaé is 
eftected. And, when your finger is remov’d, inftead of perceiving any 
air go out of the vial thro’ the water ; which, if any fuch thing happen’d, 
would eafily be difcover’d by the bubbles; you fhall fee the water briskly 
{pring up in a flender ftream to the top of the vial; which it could not do, 
if the cavity were already full of air. And, to prove, when the air re- 
ally paffes in and out of the vial immers’d under water, that ’tis very eafy to 
perceive its motions; if you dip the neck of the vial in water, and then 
apply to the globular part of it, either your warm hands, or any other 
competent heat ; the internal air being rarify’d, a portion of it, anfwerable 
to the degree of heat apply’d, will manifeftly pafs thro’ the water in fuc- 
ceffive bubbles, whilft yet no water gets into the vial to fill the place de- 


ferted by that air. And, if, when you have fill’d the neck, and part of © 


thebelly of the vial with water, you immerfe the orifice into fome that is 
ftagnant, and apply your warm hands to the fpherical part as before; the 
water in the vial will be driven out, before any bubbles pafs out of the 
vial into the furrounding water; which fhews, that the air is not fo forward 
to diveunder water, as Mr. Hobbs fuppofes. 
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Wegwazics. But to clear up this matter ftillfarther, we took aglafs bubble with 4 
flender cylindrical ftem, and by applying a convenient heat to the outfide of 
the ball, we expell’d fo much of the air, that, when the se the pipe was 
dipt in water, and the inward air had time to recover its former coolnefs, 
the water afcended tothe top of the pipe. This done, we gently, and warily 
rarify’d the air in the cavity of the bubble, till, by its expanfion, it had 
driven out, almoft all the water, which had got up into-the ftem ; fo that 
itmight attain, as near as poffible, to that degree of heat and meafure of 
expanfion, it had, when the water began to rife in it. And, we left two 
or three drops of water, unexpell’d, at the bottom of the ipe; to be 
fure, that none of the included air was, by this fecond rileltadti is driven 
out at the orifice of it: as the depreffion of the water fo low aflured us, 
on the other fide, that the included air wanted nothing confiderable of 
the expanfion it had when the water began to afcend into the pipe. Whilft 
the air was in this rarify’d flate, we prefently removed the little inftru- 
ment, out of the flagnant water, into ftagnant quick-filver, which, in a 
fhort time, began to rife in the pipe. Now, if the afcent of the liquor 
were the effect of nature’s abhorrence of a Vacuum, or of fome internal 
principle of motion, or of the compreffion or propagated trufion of the 
outward air, by that which had been expell’d ; why fhould not the mercury 
have afcended to the top of the pipe, as the water did before? But in fact, 
it did not afcend near half fo far; and if the pipe had been long enough, © 
as well as ‘twas flender enough, I queftion, whether the mercury would 
have afcended, in proportion to the length of the ftem, half fo high as it 
did. | | 

p Now, of this experiment, which we try’d more than once, I fee not 

how any good account can be given without our hypothefis, according to 

which ‘tis clear; for the afcent of liquors, being an effect of the prevalen- 
cy of the external air’s preflure againft the refiftance it meets with in the 
cayity of the inftrument, and the quick-filver being bulk for bulk many 
times heavier than water; the fame furplus of preflure that was able to 
impel up water to the top of the pipe, ought not to be able to impel up the 
quick-filver to any thing near that height. And if it be here objected, 
as it very plaufibly may, that the rais’d cylinder of mercury was much 
longer than it ought to have been, with regard toa cylinder of. water, 
the proportion in gravity between thofe two fluids being confider’d ; I an{wer, 
that when the cylinder of water reach’d to the pipe, the air poflefied no 
more than the cavity of the {pherical part of the inftrument ; being very little 
affiited to dilate itfelf by fo light a cylinder as that of water: but when 
the quick-filver came to be impell’d into the inftrument ; by the weight of 
the external air; that ponderous body did not {top its afcent, as foon as it 
came to be equiponderant to the expell’d cylinder of water; becaufe to 
attain that height it reach’d but a little way into the pipe, and left al} 
the reft of the cavity tobe filld with part of that air, which former 
ly was all fhut up in the bubble; by which means, the air included in 
the whole inflrument-.muft needs be in a fate of expanfion, and, 


thereby 
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thereby have its {pring weaken’d, and, confequently, difabled to refift Przvscarscs: 


the preflure of the external air, as much.as the fame included air. did 
before, when it was lefS rarify’d: on which acccount, the undiminith’d 
weight or preffure of the external air was able to raife the quick-filver 
gradually higher, till it had obtain’d that height, at which the preffure,. 
compounded of the weight of the mercurial cylinder, and the {pring of 
the internal air, now lefs rarify’d than before, was equivalent to the pref- 
fure of the atmofphere. 

And, to confirm this experiment, by a kind of inverfion of it, We, 
by heat, drove a little air out of the bubble, and dipt the open end of 
the pipe into quick-filver, which, by this means, afcended, till it had. 
fill'd about a fourth part of the pipe when held ere&t. Then, carefully, 
removing it, without letting fall any quick-filver, or letting in any air, 
we held the orifice of the pipe a little under the furface of a glafs full of 
water ; and applyinga moderate heat to the outfide of the ball, we wa- 
rily expell’d the quick-filver, yet leaving a little, to be fure, that no 
air was driven out with it ; then fuffering the included air to cool, the ex-~ 
ternal made the water, not only afcendto the very top.of the pipe, and 
thence {pread itfelf a little into the cavity of the ball, but carry’d up 
before it, the quick-filver that had remain’d unexpell’d at the bottom 
of the ftem. And, if, in making the experiment, we firft rais’d, as 
we fometimes did, a greater quantity of quick-filver, and afterwards 
drove it out ; the quantity of water that would be impell’d into the ca- 
vity of the pipe, and ball, was accordingly increas’d. 7 

In this experiment, ‘tis manifeft, that fomething is driven out of the 
cavity of the glafs, before the water or quick-filver begins to afcendin it. And 
_ here, alfo, we fee not, that the air can pafs thro’ the pores of quick-filver or 
water, but that it drives them on before it, without eafily mixing with 
them. Andthere appears no circular wind, as Mr. Hobds fancies in the 
_fuckd vial, nor any tendency outwards of the included air, upom the 
account of fuch a wind: but that inftead of thefe, the afcent of the li- 
quors into the cavity of the pipe, depends upon the external air preffing 
them up, appears from hence, that the fame weight of the atmofphere, 
impell’d into the pipe fo much more of the lighter fluid, water, than of 
the heavier, mercury. | 

And that there is no need of the fallying of air out of a vial to make 
the atmofpherical air prefs againft a body that clofes the orifice of it, 
when the preffure of the internal air is much weaken’d, I have fhewn, by 


fucking out, by the help of an inftrument, a confiderable portion of 


the air contain’d in a glafs: for, having then, inftead of unftopping the 
orifice under water, fuddenly apply’d a flat body to it, the external air 
prefs'd that body fo forcibly againftit, 'as to keep it faften’d and fufpended,. 
tho’ twere cloge’d with a weight of many ounces. Or if there be fuch a 
circular wind, as Mr. Hobbs pretends, produced by fuétion, in the cavity of 
the vial, it muftneeds be ftrangely lafting. For I have feen more than once,that 
when, by an inftrument, much air has been fuck’d out of a vial, which was +) 
yi ter wards 
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Pysumavics-teywards carefully clofed, and thus kept for fome months; yet, when twas 


open’d under water, a convenient quantity of the liquor would be briskly 


~ impel’d up into the neck and belly of the vial. 


And, having with the fun-beams produced fmoke in one of thofe well- 


ftop’d vials; this circular wind did not at all appear to blow it about, but 


fufter’d it to rife, as it would have done, if the included air had been very 
calm. at | 


_ “YT fhall add but one experiment more, which will not be liable to fome 
of the objections, invalid as they are, that Mr. Hobbs has alledg’d in his 


accownt of the fuck’d vial; and which will fhew, that the weight of the 
atmofphere is a very confiderable thing; and alfo, that whilft Mr. Hobés 
doesnot admit a more fubtile matter than common air to pafs thro’ the pores 


«of clofe and folid bodies ; the air he has recourfe to, will fometimes 


come too late to prevent a Vacuum. Having caus’d an zolipile very light, 
confidering its bulk, to be made by a famous artift, I had occafion to put 
it fo often into the fire, for feveral trials, that the copper fcal’d off by 


degrees, and left the veffel much thinner than when it firft came out ‘of 


the artificer’s hands ; and now, after a long interval, I had occafion to employ 
it, as formerly, to weigh the air it would contain. ‘To make this ex- 
periment the more exactly, the air was, by a ftrong fire, carefully driven 


-away ; when clapping a piece of fealing-wax to the pin-hole, at which it 
-had been forc’d out, we prevented a communication betwixt the cavity of 


the inftrument, andthe external air; and fuppofing the zolipile to be very 


-well exhaufted, we laid it by, that when it fhould be grown cold, we 
amight, by opening the orifice again, let in the outward air, and obferve 


what increafe of weight it would make. But the inftrument had been fo 
far exhaufted, that what air remain’d, being unable by its {pring to affift 
the xolipile to fupport the weight of the furrounding air; this external 
fluid did, by its weight, fo ftrongly comprefs it, and thruft it fo confide- 
rably inwards, and, in more than one place, fo change its figure, .that 
when I fhew’d it to the Gentlemen aflembled at Grefbam College, they 
were pleas’d to commandit of me, to be kept in their repofitory. 


AN 


(711 ) 


% 


a in ony od aie (es cert 


Caufe of Attraction 
och pal a pel 


G weite ren being, generally, look’d upon as a kind of attra¢tion, it the le 


will be requifite to premife fomething about the latter, in order to “#7 
clear the nature of the former. The caufe, nature, and notion of 
attraction, are, generally, either left untouch’d, or happen to be but very 
obfcurely deliver’d. : | 
How general and antient foever, the common opinion may. be, that attrac- 
tion isa kind of motion quite different from pulfion, I confefs, it feems to 
me, a fpecies of pulfion ; at leaft, among inanimate bodies. Ihave not, yet, 
obferv’d any thing which fhews attraétion cannot be reduc’d to pulfion : 
for they feem but exttinfical denominations of the fame local motion, in 
which, if a moved body precede the movent, or tend to get ata greater 
diftance from it, we call it pulfion ; and if, upon account of the motior, 
the fame body follow the movent, or approach to it, attration. But this 
difference may confift only in an accidental refpeét ; which does-not phyfi- 
cally alter the nature of the motion, but is founded upon the refpeét which 
the line, wherein the motion is made, happens to have to the fituation of the 
movent. And, that which feems to have been the chief caufe.of miftaking 
attraction, fora motion oppofite to pulfion, is, that men look upon both the 
moving, and moved bodies, in a popular and fuperficial manner; and con- 
fider in the movent, rather the fituation of the confpicuous,-and more 
bulky part of the agent, than the fituation of that part of it, whichimme- 
diately imprefles the motion upon the mobile. > wie 
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Pusumartcss Whoever attentively regards this, may eafily obferve, that fome part of 


the body, or of the inftrument, which, by reafon of their conjunction, in 
this operation, is to be look’d on as but making one with it, is really plac’d 
behind fome part of the body to be drawn; and therefore cannot move on- 
wards itfelf, without thruiting the body forward. Thus, whena man 
draws a chain after him, tho’ his body precede the chain, yet his finger, or 
fome other part of the hand, wherewith he draws. ic,- has fome part, or 
other, which reaches behind the fore-part of the firft link: and the hinder- 
part of this link comes behind the firft part of the fecond link ; and fo each 
link has one ofits parts placed behind fome part of the next link after it, 
till you come to the laft link of all. And fo as the finger, that is in the 
firft link, cannot move forwards, but it muft thruft on that link, by this 
feries of trufions, the whole chain is thruft forwards: and, if any other 
body be drawn by that chain, you may perceive fome part of the laft link 
comes behind fome part of that body, or of fome intervening body, which, 
by itscohefion with it, ought, in our prefent cafe, to be confider'd as part 
of it. And thus attraétion feems to be but a {pecies of pulfion; and ufu- 
ally belongs to that kind of it, which, for diftinétion fake, is called trufion ; 
whereby we underftand that kind of pulfion, wherein the movent goes a- 
long with the moved body, without quitting it, whilft the progrefs lafts; 
as happens in propelling a wheel-barrow, without letting go the hold 
of it. : ; 

But, it may be-faid, there are attrations where it cannot be pre- 
tended that any partof the attrahent comes behind the attracted body; 
as in magnetical, and eleétrical attraétions; and in that which is 
made of water, when drawn up into {prings, and pumps., Now, the 
Cartefians, and other modern philofophers, have recourfe, either to 


‘fcrew'd particles, and other magnetical emiffions, to folve phenomena of 


this kind ; and, according to fuch hypothefes, we may fay, that many of 
thefe magnetical, and eleétrica] effluvia, come behind fome parts of the 


-attra€ted bodies; or, at leaft, of the little folid particles, that are, as it 
‘were, the walls of their pores; or procure fome difcuffion of the air, that 


may make it thruft the moveable towards the load-ftone, amber, Uc. 
But, if there were none of thefe, nor any other fubtile agents, to caufe 
this motion, bya real, though unperceiv’d pulfion, I fhould make a diftin- 
étion betwixt other attraGtions, and thefe which I thould then call attra- 


ttions by invifibles. However, in raifing water into the barrel of a fy- 


ringe, there is no true attraétion made of the liquor. For, by the afcend- 
ing rammer, as a part of which, I here confider the obtufe end, plug, or 
fucker, there is no attra@tion made of the contiguous and fubjacent water, 
‘but only room made for it to rife into, without being expos’d to the 
preflure of the fuperior air. For, if we fuppofe the whole rammier to 
be annihilated, and, confequently, incapable of exercifing any attra- 
ction ; yet, provided the fuperior air were kept off from the wa- 
ter, by any other way, as well as ‘twas by the rammer, the liquor . 
would as well afcend into the cavity of the barrel ; fince the furface of the 


terra- 
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terraqueous globe, being continually prefs’d on by the incumbent atmo-P*tumaries. 
fphere, the water muft, by that preflure, be impell’d into any cavity, here * 
below, where there is no airto refift it; as, by fuppofition, there is 
not, inthe barrel of our fyringe, when the rammer was annihilated. Thus 
if the external air, and confequently, its preffure, be, by the air-pump, 
withdrawn from about the fyringe, you may raife the fucker as much as 
youpleafe; but none of the fub-jacent water will follow. In hort, let 
us fuppofe, that a man, ftanding in an inner-room, does, by his utmoft re- 
fiftance, keep fhut a door, that is neither lock’d, nor latch’d, againft ano- 
ther, who, with equal force, endeavours to thruft it open; inthis cafe, 
if one fhould forcibly pull away the firft man, it could not be faid, that 
he, by his recefs fromthe door he endeavour'd to prefs outwards, did truly 
and properly draw in his antagonift, though, upon that recefs, the coming 
in of his antagonift, would prefently enfue; fo it cannot, properly, be 
faid, that, by the afcent of the rammer, which difplaces the fuperior air, 
either the rammer itfelf, or the expell’d air, properly attracts the fub- 
jacent water, tho’ the ingrefs of that liquor, into the barrel, thereupon 
neceflarily enfues. And that, as the comparifon fuppofes, there is a pref- 
fure of the fuperior air againft the upper-part of the fucker, may be ea- 
fily perceiv’d, if, having well ftopp’d the lower orifice of the fyringe with 
your finger, you forcibly draw up the fucker to the top of the barrel ; for, 
if then you let gothe rammer, you will find it impell’d downwards, by the 
incumbent air, with a confiderable force. | 

Having thus premis’d fomething, in general, about the nature of at- 
traction, as far as’tis neceflary for my prefent defign, we may proceed 
to the confideration of that kind of it, employ’d to raife liquors, which 
is, by a diftinét name, called fuction. 

About the caufe of this, there is great contention, between the modern 77 taule of Y 
philofophers, and the Peripatetics.. ‘The former afcribe the afcent of li- its, 
quors, upon fuction, to nature’s abhorrence of vacuum: for, fay they, 
when a man dips one end of a ftraw, or reed, into ftlagnant water, and 
facks at the other, the air contain’d in the cavity of the reed, paffes in- 
to that ofhis cheft; and, confequently, the reed would be left empty, if 
no other body fucceeded in the place it deferts: but there are only two bo- 
‘dies that can fucceed, the air, and the water ; now the air cannot do it, 
becaufe of the interpofition of the water, that denies it accefs to the im- 
mers’d orifice of the reed; and, therefore, it muft be the water itfelf, 
which, accordingly, afcends, to prevent a vacuum, abhorr’d by nature. 

But many of the modern philofophers look upon this Fuga vacui as an 
imaginary caufe of fuction. The atomifts, who willingly admit vacuities, 
properly fo called, both within our world, and out of it, cannot think that 
nature dreads a vacuum, and declines her ufual courfe to prevent it. And 
the Cartefiaus, tho’ they, as well as the Peripatetics, deny a vacuum, yet, 
fince they affirm, not only that there is none in nature, but that there can 
be none, they will not grant nature to be fo indifcreet, as to ftrain herfelf 
to prevent the making of a thing that 1s impoflible tobe made. 
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The Peripatetic opinion, about the caufe of fudtion, though. commonly 
defended by the fchools, as well modern as antient, fuppofes in nature, 
fuch an abhorrence of a vacuum, as neither has been well prov’d, nor a- 
erees with the late phenomenon of fuction: fince, according to their hypo- 
thefis, water, and other liquors, fhould afcend, upon fuction, to any height, 
to prevent avacuum, which yet is not agreeable to experience. For, I 
have carefully tried, that by working a pump, far more ftanch than thofe 
that are ufually made, and, indeed, as well clos’d as we could, poffibly, 
bring it to be, we could not, by all our endeavours, raife water, by fuétion, 
to above 33 + feet. The Torricellian experiment fhews, that the weight 
of the airis able to fuftain, and fome of our experiments fhew, ’tis able 
to raife a mercurial cylinder, equal, in weight, to as high a cylinder of wa- 
ter, as we were able to raife by pumping. For, mercury being near 14 
times as heavy as water, of the fame bulk, if the weight of the air be 
equivalent to that of a mercurial cylinder of 29, or 30 inches, it muf 
be able to counterpoife a cylinder of water, near 14 times as long; that is, 
from 34, to 36feet. And, very difagreeable to the common. hypothefis, 
but confonant to ours, is the experiment that I have, more. than once, 
made, by taking a glafs pipe, about three feet long, dipping one end. of 
it in water, and fucking at the other, whereby the water will be, fud- 
denly, made to flow briskly into one’s mouth ; when if, inftead of water, 
you dip the lower-end into quick-filver, though you fuck as ftrongly as 
ever you can, provided, in this cafe, as in the former, you hold the 
pipe upright, you will never be able to raife the quick-filver near fo high 
as your mouth: fo that, if the water afcended, upon fuétion, to the top of 
the fame pipe, becaufe there would, otherwife, have been a vacuum left 
in the cavity of it ; why fhould not we conclude, that when we have fuck’d 
up the quick-filver, as ftrongly as we can, fo much of the upper-part of 
the tube, as is deferted by the air, and yet not fill’d by the mercury, ad- 
mits, in part at leaft, a vacuum, as toair; of which, confequently, na- 
ture cannot, reafonably, be fuppofed, to have fo great and unlimited an 
abhorrence, as the Peripatetics prelume. Yet, I will not determine whe- 
ther there be any more than many little vacuities, or {paces deftitute of air, 
in the cavity ofthe pipe, unfill’d by the mercury, fo that the whole cavity is 
not one entireempty {pace ; it being fufficient, for my purpofe, that the ex- 
periment affords a good argument againft the Peripatetics ; and warrants 
us to feek for fome other caufe, than a Fuga vacui, why a much ftronger 
fuction, than that which made the water afcend, with eafe, into the mouth, 
will not alfo raife quick-filver to near the fame height. : 

Thofe modern philofophers, who admit not a Fuga vacui to be the caufe 
of the afcent of liquors in fuction, generally agree in referring it to the 
action of the thorax : for, when a man endeavours to fuck up a liquor, he, 
by means of the mufcles, inlarges the cavity of his cheft ; which he cannot 
do, but, at the fame time, he muft thruft away thofe parts of the am- 
bient air, that were contiguous to his cheft; when, the difplaced air, ac- 


cording tofome, comprefles the contiguous air, and that, the next to it, 
and 
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and fo onwards, till the preflure, fucceffively, paffing from one part of the Cave 


air to the other, arrive at the furface of the liquor ; fo that all other places 
being, as to fenfe, full, the impell’d air cannot find place, but by thruiting 
the water into the room made for it in the pipe, by the recefs of the air, 
that pafs'd into the lungs of the perfon. And, they differ not much from 
this explanation, who, without taking in the compreffion of the ambient 
air, made by the thorax, refer the phenomenon to the propagated motion, 
or impulfe, imprefs’d on the air, difplac’d by the thorax, in its dilatation, 
and yet unable to move in a world perfectly fill’d, as they fuppofe ours to 
be, unlefs the liquor be impell’d as much into the cavity of the pipe, as 
faft as “tis deferted by the air, faid to be fuck’d up. But, tho’ I readily 
confefs this explanation to be ingenious, and fuch as I wonder not they 
fhould acquiefce in, who are only acquainted with the obvious phenomena 
of fuétion; and tho’ lam not fure, that in the moft familiar cafes, the 
caufes affien’d by them, may not contribute to the effect, yet I cannot ac- 
quiefce in this theory: for, I think the caufe of fuction affign’d, is, in 
many cafes, not neceffary; in others, not fufficient. And, firft, as to the 
condenfation of the air, by the dilatation of the cheft ; when I confider the 
extent of the ambient air, and how fmall a compreffion, no greater an ex- 
panfion than that of the thorax is likely to make; I can fcarce think fo 
Slight a condenfation of the free air, fhould have fo confiderable an effect on 
the furface of the liquor, to be rais’d, as the hyothefis requires : and, 
that this impulfe of the air, by the dilated thorax, though it accompanies 
the afcent of the water, procured by fuétion, is not of abfolute neceffity 
thereto, will, I prefume, be eafily granted: even a propagated pulfion, ab- 
ftra€ted from any condenfation of the air, is not fo neceflary, but that the 
effe&t may be produc’d without it. Now, fuppofe fo much airasis dif- 
placed by the thorax, annihilated, yet the afcent of the liquor would ftill 
enfue ; for, when a man begins to fuck, there is an equilibrium between 
the preffure which the air contain’d in the pipe, has, by virtue of its {pring, 
upon that part of the furface of the water, that is furrounded by the fides 
of the pipe, and the preffure which the atmofphere has, by virtue of its 
weight, upon all the reft of the furface of the ftagnant water: fo that 
when, by the dilatation of the thorax, the air, within the pipe, comes to 
be rarified, and, confequently, to lofe of its {pring, the weight of the ex- 
ternal air continuing, in the mean time, the fame; it muft neceflarily hap- 
pen, that the {pring of the internal air will be too weak, to balance, any 
longer, the gravitation of the external; and, confequently, that part of 
the furface of the ftagnant water, which is included in the pipe, being 
lefs prefs’d upon than all the other parts of the fame furface, muft necef- 
farily give way, and, therefore, be impell’d up into the pipe, where the 
air, having had its {pring weaken‘d, is no longer able to refift it, as be- 
fore. ‘Thus, conceiving that, within a chamber, three men thruit all to- 
gether, with their utmoft force, againft a door, to keep it fhut, at the 
{ame time that three others, of equal ftrength, endeavour to thruft it open; 
though, whilft their oppofite endeavours are equal, the door will continue 
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Pueewen*fhut, yet, if one of the three men, within the room, fhould ceafe to act, 


there would need nonew force, in the three men, to make them prevail, 
and thruft open the door, againft the refiftance of the two. | 

The long neck of a glafs bubble, being feal’d up, and, almoft, all the 
air, by heat, driven out of the whole cavity thereof, the glafs was laid a- 
fide, for fome hours ; afterwards, the feal’d apex of the neck was broken: 
off, under water: I demand, now, of a Peripatetic, whether the liquor 
ought to be fuck’d, or drawn into the cavity of the glafs ; and why? If 
he fays, as, queftionlefs, he will, that the water wou’d be attraéted, 
to hinder a vacuum, he, thereby, acknowledges, that, till the glafs 
was unftopp’d, under water, there remain’d fome empty fpace in it: for, 
‘ull the feal’d end was broken off, the water cou’d not get in; and there- 
fore, if the Fuga vacwi had any thing to do in the afcent, the liquor muft 
rife, not to prevent an empty fpace, but to fill one that was made before. 
Nor does our experiment much more favour the other philofophers, I 
diflent from: for there is, here, no dilatation made of the fides of the clafs, 
asin ordinary fution there is made of the thorax; but only fo much air 
driven out of the cavity of the bubble, into whofe room, fince neither com=. 
mon air, nor water, is permitted to fucceed, it appears not how the pro~ 
pagated, and returning impulfe, or the circle of motion, as to common 
air and water, takes place. Again, Idemand, what becomes of the air, 
that has been, by heat, driven out, and is, by the hermetical feal, kept: 
out of the cavity of the bubble? If it be faid, that it diffufes itfelf into 
the ambient air, and mixes with it; this is to grant, what I contend for, that: 
fo little air,as is ufually difplac’d in fuGtion, cannot make any confiderable: 
compreffion of the free ambient air: for, what can one cubic ineh of air,. 
which is, fometimes, more than one of our glafles contains, do, towards. 
condenfing a whole chamber full, when the expell’d corpufcles, are evenly 
diftributed among thofe of the ambient ? And how comes this inconfiderable: 
condenfation to have fo great an effeét in every part of the room, as to be 
able there to impel into the glafs, as much water, in extent, as the whole 
air that was driven out of the cavity of it? But, if it be faid, that the 
expell’d air only condensd the contiguous air ; ’tis no way probable that 
the expell’d particles of the air, fhould not, by the different motions of 
the ambient air, be quickly made to mix with it ; but fhould rather wait 
till the veffels, whence “twas driven out, were unftopp’d again. But though. 
this could, probably, be pretended, it cannot, truly, be afferted: for, if 
you carry the feal’d glafs quite out of the room, and unftop it at fome- 
other place, tho’ two or three miles diftant, the afcent of the water will,. 
as I found by trial, neverthelefs, enfue; in which cafe, I prefume, it 
cannot be faid, that the air expell’d out of the glafs, and which condens’d. 
the contiguous air, attended the bubble in all its motions; and was ready 


at hand, to impel. inthe water, as foon.as the feal'd apex of the vial. was. 
broken off. ee. 


In 
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In our own hypothefis of fuction, we fuppofe, firft, without difputing ei- Pxeumartes, 


ther the exiftence or the nature of elementary air, that the common. air, 
we breathe in, and which I call atmofpherical, abounds withcorpufeles not 
deftitute of weight, and endow’d with elafticity, whereby the lower parts, 
comprefs’d by the weight of the upper, inceflantly endeavour to expand 
themfelves ; by which expanfion, and in proportion to it, the {pring of the air 
is weaken’d, the more they are permitted to ftretch themfelves. 

Next, we fuppofe, that the terraqueous globe, being furrounded with 
this gravitating and {pringy air, has its furface, and the bodies placed on 
it, prefs’ by as much of the atmofphere, as either perpendiculary refts 
on them, or can otherwife come to bear upon them. ‘Thispreffure is, by the 
Torricellian and other experiments, found to be equivalent toa perpendicular 
cylinder of about twenty-nine or thirty inches of quick-filver. 

Laftly, we fuppofe, that, air being contain’d in a pipe or other hollow 
body, having but one orifice open to the free air, if this orifice be her- 


metically feal’d, or otherwife clos’d, the included air, whilft it continues. | 


without any farther expanfion, will have an elafticity equivalent to the 
weight of as much of the outward air as did before prefs againft it. For, 
if the weight of the atmofphere had been able to comprefs it further, it 
would have done it ; and then the clofing of the orifice, at which the internaf 
and external air communicated, as it fene’d the included air from the 
preflure of the incumbent, fo it hinder’d the fame included-air from ex- 


panding itfelf; whence, as it was fhut up with the preflure of the atmo- _ 
{phere upon it, that isin a ftate of as great compreffion as the weight of 
the atmofphere could bring it to, fo being fhut up, and thereby kept from _ 


weakening that preflure by expanfion, it muft retain a {pringinefs propor=. 
tionable to the preflure twas before expos‘d to. But if, as was faid in the: 
firft fuppofition, the included air fhould come to be dilated or expanded, 
its fpring, like that of other elaftic bodies, would be weaken’d, anfwera- 
bly to that expanfion. 


To me then it feems, in general, that liquors are, upon fuction, rais‘d. | 


into the cavities. of pipes, and other hollow bodies, when there is-a lefs. 


preflure on the furface of the liquor in the cavity, than on the furface of 
the external liquor, that furrounds it; whether that preflure of thofe parts: - 


of the external liquor, which are from time to time impell'd up into-the ori~ 
fice of the pipe, proceed from the weight of the atmofphere, the propagated. 
compreflure, or impulfe, of fome parts of the air, the {pring of the air,, or 
_ fome other caufe; asthe preflure of bodies. quite diftinét from: air. 


Upon a general view of this hypothefis, it feems very agreeable to me-- 


chanical principles. For, if there be, on the different parts of the furface of: 


a fluid body unequal preffures, “tis plain, as well by thenature of the’ 


thing, as by what has been demonftrated by drchimedes, that the greater 
force will prevail againft the lefs; andthat fuch a part of the water's fur-- 


face muft give way, as isthe leaft prefs d. 
To proceed to fome experiments made in favour of this hypothefis. 


We took.a glafs pipe hended like.a fiphon ; but fo, that the thorter leg was: 


paraligl. 


eae ‘ 
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parallel to the longer, and hermetically feal'd at the end: into this fiphon 
‘we convey'd water, fo that the crooked part being held downwards; the 
liquor reach’d to the fame height in both legs ; about an inch and an half of. 
uncomprefs'd air being fhut up in the fhorter. This little inftrument, 
about fifteen inches long, being thus prepared, ’tis plain, that, according 
to the hypothefis I diffent from, there is no reafon why the water fhould 
afcend upon fuction. For, tho’ we fhould admit, that the external air were 
confiderably comprefs’d, or receiv'd a notable impulfe when the cheft is en- 
lare’d, yet, in our cafe, that compreffion or protrufion will not reach the 
furface of the water in the fhorter leg; becaufe it is there fenced from the 
action of the external air, by the fides of the glafs, and the hermetical feal 
at the top: but if a perfon fuck’d ftrongly at the open orifice in the longer 
leg, the water in the fhorter would be deprefs’d, and that in the longer 
afcend, at one fuck, about an inch and a half ; of which the reafon is clear on 
our hypothefis. For the fpring of the included: air, together with the 
weight of the water in the fhorter leg, and the preffure of the atmofpheri- 
calair, affifted by the weight of the liquor in the longer leg, balanced 
one another before the fuction began ; but when, afterwards, upon fuc- 
tion, the air in the longer leg came to be dilated, and thereby weaken’d, 
*cwas render’d unable to refift the undiminifh’d preffure of the air included 
in the fhorter leg; which, confequently, expanding itfelf, by virtue of its 
elafticity, deprefs’d the contiguous water, and made it proportionably rife 
in the oppofite leg, till its {pring being by the expanfion gradually more 
weakend, it balanced the gravitation or preflure of the atmofphere. 
And this is the reafon why, when the perfon who fuck’d had rais’d the 
water in the longer leg lefs than three inches higher, by repeated endea- 
vours, and that, without once fuffering the water to fall back again, he 
was not able to elevate the water in the longer fo much as three inches a- 
bove its firft ftation. And if in the fhorter leg, there was only an inch anda 
quarter of {pace left for the air; by feveral aéts of fuétion, skillfully re- 
peated, he could not raife the liquor in the longer leg above two inches ; 
becaufe, by that time, the air included .in the fhorter leg had, by expand- 
ing itfelf further, proportionably weaken‘d its {pring, till, at length, it 
became as much rarify’d as the air in the cavity of the longer leg; and, 
confequently, was able to to thruft away the water with no more force 
than the air in the longer leg was able to refift. And hence it appear’d, 
that the rarifaétion ufually made of air by fuétion, is not near fo great as 
one would expeét; probably, becaufe, by the dilatation of the lungs, the 
air, being full fhut up, is but moderately rarify’d ; and that in the longer 
leg can by them be. brought to no greater degree of rarity than the air 
within the cheft. For whereas the included air in our inftrument was . 
not expanded, at one fuck, to above double its former dimenfions, and 
by feveral fucceffive fucks was expanded, but from one inch anda half to 
lefs than four inches and a half, if the fuétion could have been conveniently 
made with a great ftanch fyringe, the rarifa€tion of the air would, proba- 
bly, have been far greater ; fince, in our pneumatic engine, air may without 

Pax heat, 
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heat, and by a kind of fuétion, be brought to poffefs many hundreds of Pxrusazies. 
times the {pace it took up before. From this rarifaction of the air in both 
the legs of our inftrument, proceeds another phenomenon readily explicable 

by our hypothefis. For if, when the water was impell’d up as high as the - 
-fuétion could raife it, the inftrument were taken from the perfon’s mouth, 

the elevated water would, with violence, return to its wonted ftation. For 

the air, in both legs of the inftrument, having by fuction loft much 

‘of its f{pring, and, confequently of its power of preffing ; when once the 
orifice of the longer leg was left open, the atmofpherical air came again to 
gravitate upon the water in that leg; and the air included in the other, ha- 

ying its {pring weaken’d by the preceding expanfion, was not able to hinder 

the external air from violently repelling the elevated water, till theincluded 

air was thruft into the {pace it poffefs’d before the fuction ; in which {pace it 

had denfity and elafticity enough to refift the preflure that the external air 
exercis'd againft it, thro’ the interpos’d water. 

But our hypothefis about the caufe of fuction, needs only the affiftance of 
our pneumatic engine. For by trials, purpofely devis’d and carefully 
made therewith, we found, that a good fyringe being fo convey'd into the 
receiver, that the open orifice of the pipe, or lower part, remain d under 
water ;if the engine were exhaufted, and the handle of the fyringe drawn 
up, the water did not follow it, which yet it would do if the external 
air were let in again. The reafon of whichis plain; for the air that 
fhould have prefs’d upon the furface of the ftagnant water having been 
pump’d out, there was nothing to impel up the water into the deferted 
cavity of the fyringe, till the receiver was fill'd with air. 

I fhall next offer fome eafy experiments tomake out thefe three propofi- 
tions. 

t. That a liquor may be rais’d by fuétion, when the preflure of the air, 

‘neither asit has weight nor elafticity, is the caufe of it. 
r 2. That the weight of the atmoiphere is fufficient to raife up liquors in 
uction. 

3. That, in fome cafes, there will be no fuétion, tho” there is a dilatation 
of the thorax; and no danger of a Vacuum, if the liquor fhould afcend. 

1, And firft to fhew how much the rifing of liquors, in fuction,. depends Suéfios may. 
upon the weight or preffure of the impelling body ; and how little neceffity 2% 3ne 
there is, where fuch a preffure happens, that in the place deferted. by the srelfure dat 
liquor fuck’d, there fhould fucceed air, or fome other vilible body ; I devis’ ae 
the following experiments. We took a glafs pipe, fit for the Torricellian expe= 
riment, but much longer than was neceflary for that ufe ; this being her- 
metically feal’d at one end, the other was io bent as to be reflected up- 
wards, and make, as it were, the fhorter leg of a fiphon parallel to the 
longer ; fothat the tube was now fhaped like an inverted fiphon,,with legs. 
of avery unequal length. This we fill’d with mercury in an inclining poi- 
ture, and then ereéting it, the mercury fubfided in the longer leg, as in the 
Torvicellian experiment, and attain’d to between two feet and a quarter, and 
two feet and a half, above the furface of the mercury in the fhorter leg,which 

ih 
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Brepmarics-in this inftrument anfwers to the ftagnant mercury in an ordinary baro- 
meter. -Out of the fhorter leg of this tube, we warily took as much mer~ 

~-cury as was thought convenient ; and this we did fo as to hinder any air 

from getting into the deferted cavity of the longer leg; by which 

means, the mercurial cylinder retain’d the fame height above the ftagnant 

mercury in the fhorter. The upper and clofed part of this portable baro- 

meter muft have been free from common air, becaufe, if gently inclin’d, 

the quick-filver would afcend to the top of the tube ; which it could not 

do, if the place formerly deferted by it were poffefs’d by the air. The in- 

itrument being thus fitted, I caus’d a perfon to fuck at the fhorter leg of 

it; whereupon there prefently enfued an afcent of four or five inches of 

mercury in that leg, and a proportionable fubfidence in the longer ; yet in 

this cafe the rife of the mercury cannot proceed from the preffure of the 

air. For the weight of the atmofphere is fenc’'d off, by that which clofes 

the upper end of the longer tube: and the fpring of the air has here no= 

thing to do ; fince the fpace deferted by the mercury, is not poflefs’d by the 
_ included air: and the pulfton or condenfation of the air, fuppos’d by feve-_ 

ral modern philofophers to be made by the dilatation of the cheft, ‘and to 

prefs upon the furface of the liquors that are to be fuck’d up, cannot here 

be pretended ; becaufe the fiinhaee of the liquor in the longer leg is every 

way fenced from the preffure of the ambient air. It remains, therefore, 

that the caufe which rais’d the quick-filver in the fhorter leg, upon the 

fuction, was the weight of the collateral quick-filver, fuperior in the longer 

Jeg; which being equivalent to the weight of the atmofphere, there is a 

plain reafon why the ftagnant mercury in the fhorter leg fhould be rais’d 

fome inches by fuction, as mercury ftagnant in an open veffel will be rais’d 

by the weight of the atmofphere, when the fu@ion is made in the open air: 

for, in both cafes, there is a pipe that reaches to the ftagnant mercury, 

and a competent weight to impel it into that pipe, when the airin the ca— 

pee of it has its {pring weaken’d by the dilatation that -accompanies 

uction. 

‘Tee weight of 2. “Phat the weight of the air is fufficient to raife liquors in fu€tion, may 
eee appear by arguments drawn from the Torricellian experiment; and much 
vail Hquors immore Clearly from fome we have made with our air-pump. And with the 
toe like view, having provided an inftrument in imitation of the portable ba- 
rometer, iately mention’d, but whofe legs were not fo unequally long; and 

having in it‘made the Torricellian experiment, after the manner defcrib’d, 

we order’d the matter fo, that there remain’d in the fhorter leg the length 
of feveral inches unfill’d with ftagnant mercury. Then I caus’d a perion 

to raife the quick-filver, by fuétion, fo to the orifice of the fhorter leg, 

that the orifice being feafonably and dexteroufly clofed, the mercury conti- 

nu’d to fill that leg as longas we thought fit; and then having put a mark at 

the furface of the mercury in the longer leg, we unftop’d the orifice of the 

thorter; whereupon the mercury that before fill’d it, was deprefs’d, till in 

the longer leg it was rais’d five inches, or more, above the mark, and continu’d 

atthat height. This mercury, rais’d by fu€tion,was deprefs’d ‘becaufeits own 

| weight 
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weight could not here make ir fall ; ; 
was far from being able to raife fo rall a cylinder of mercury, as made a 
counterpoize in the longer leg ; and therefore, the depreffion we {peak of, 
is to be referr'd to the gravitation of the atmotpherical air upon thedfur- 
facejof the mercury in the fhorter leg. And I fee no caufe to doubt; that 
if ee could have procur’d an inftrument, into whofe fhorter leg, a mereu- 
rial cylinder’ many inches higher might have been fuck’d up, it would, by 


this contrivance, have appeard, that the prefiure of the atmof{phere could. 


-eafily impel up a far taller cylinder of mereury than it did in our experi- 
ment. For, if the gravity of an incumbent pillar of the atmoiphere be able 


to compreis a parcel of included air as much as a mercurial cylinder equi- 


valent, in weight, to between thirty and thirty-five feet of water is able to 
condente it, the fame atmofpherical cylinder may well beable, by its weighe, 
to raife and counterbalance twenty-eight or twenty-nine inches of quick-fiJ- 
ver, or an equivalent pillar of -water in tubes, where the refittance of 
thefe two fluids, to be rais’d and fuftain’d by the air, depends, only, upon 
their own unaffifted gravity. ) 
Lo confirm our doétrine of the gravitation of the atthofphere, upon the 
furface of the liquors expos’d to it, [hall fibjoin an experiment, devis'd to: 
fhew, that the incumbent air, in its-ufual ftate, would comprefs other air.in 
the hke natural fate, as much asa cylinder of twenty-eight or twenty- 
nine inches of mercury could condenfe it. But in order hereto, 1 {uppote 
it known, that about twenty-nine or thirty inches of quick-filver will 


a 


compre(s air fhut up, in its ufual flate, in the fhorter les of our portable ‘ba 


rometer into half the {pace it poflefs’d before. 
We provided a portable barometer,, wherein the mercury in the longer 
leg was kept fufpended by the counterpoize of the air that gravitated on 


° : . ¥ ey ae a prea 2 ae ee ee ey 
the furface of the mercury in the-fhorter, which, we had fo order’d, that 


it reach’d not, by about two inches, to the top of the thorter Jeg.’ Then 
making a mark atthe place where the ftagnant mercury refted, Yani 

feft, according to our hypothefis; that the air in the upper part’'ot the 
fhorter leg was in its natural fate, or of the fame degree of denfity with 
the outward air, with which it freely communicated at the open orifice of 
the thorter leg; fo that this fagnant air was equally ‘prefsd upon bythe 
weight of the collateral fuperior cylinder of mercury in the longer leg, 
and the equivalent weight of a directly incumbent pillar of the atmofplere. 
Vhen the upper part of the fhorter leg that had been before, purpofely, 
drawn out to, almoft, a capillary {mallnefs; was hermetically feald ; 
‘which, tho’ thenftrument remain’d ere&t, was fo fudderly done, by reafon 
of the flendernefs of the pipe, thar the included air did.ndt appear'to tie 
fenfibly heated ::after this, we open’d the lower end’ of the longer leg 
without fhaking the-veflel; by which means, the atmofpherical air, gaining 
accefs to the. mercury included in thelonger leg, did, by its gravitation up- 
on it, fo consprefs the air included in the fhorterleg, that, according to the 
eftimate we made, with the help of a ruler, it was crowded into near hail 


ri 


the {pace it took up before; and confequently dijfer’d a compreffure like thar, . 
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fince a mercurial cylinder of five inches 
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Peeuwaries. which a mercurial cylinder of about twenty-nine inches would have given 


it. 


That the afeent "This experiment was made a fecond time,with like fuccefs. 


of liquors, by 


of Saar, OY, 3. And to make it yet further appear, how much the afcent of fiquors, 


epont [rzflere- 


by fuétion, depends upon preffure, rather than-upon nature's imaginary ab- 


an inftance, wherein that prefum’dabhorrence cannot be pretended. ‘Lhe 
experiment was thus made. a: 


horrence of a Vacuunz, or the propagated pulfion of the air; I will fubjoin 


“A glafs fiphon, like thofe lately defcrib’d, with one leg far longer than 


the other, was hermetically feal’d at the fhorter leg, and then, by degrees,we 


put in, at the orifice of the longer leg, as much quick-filver, as by its weight 
{afficed to comprefs the airin the fhorter leg, into about half the {pace it 
peflefsd before ; fo that, according to the Peripatetic doctrine, the air 
mut be ina ftate of preternatural condenfation, and that toa far greater 
degree, than ’tis ufually brought by cold intenfe -enough to freeze wa- 
ter. hep, meafuring the height of the quick-filver in the longer tube.a- 


-bove the fuperficies of that in the fhotter, we found it not to exceed thirty 


inches. . Now if liquors rofe, in fuction, for fear of a Vacuum, there is no 
yeafon why this quick-filver in the longer part of the fiphon fhould not ea- 
fily afcend upon fuétion, at leaft till the air in the fhorter leg had regain'd 
‘ts former dimenfions; fince it cannot, in this cafe, be pretended, that if 
the mercury fhould afcend, there would be any danger of a Vacuum in the 
fhorter leg of the tube ; becaute the contiguous included air'is ready at hand 
to fucceed, as faft as the mercury fubfides in the fhorter leg of the fiphon. 
Nor can it be alledg’d, that, to fillthe place deferted by the quick-filver, 
the included air muft fuffer a preternatural rarifaction ; fince ‘tis plain, that, 
on the contrary, as long as the air.continues:in the ftate whereto ’tis re- 
duced by the weight of the quick-filver, -1t is‘kept.in a violent ftate of com- 


wpreffion, becaufe in the fhorter leg it was in its natural ftate, when the 


mereury pourd into the longer leg did, by its weight, thruftit into about 
half the fpace it’took up before. Yet, having caus’d feveral perfons to fuck, 
f{everal times, as ftrongly as they could, they were not able, fo much as for 
a minute, to raife the mercury in the longer, and make it fubfide in the 
fhorter far more than an inch. And to fhew, that the experiment was not 
favourably made for me; the height of the mercurial cylinder in the longer 
leg, above the furface.of that in the fhorter, was, at the time of fuction, an 
‘nck or two fhort of thirty; and the comprefs’d air in the fhorter_leg, was 
fo far from having been expanded, by the exfuction, beyond its natural and 
Srftdimenfions, that it did not, when the contiguous mercury ftood as low 
as we.could make it fubfide, regain fo much as one half of the {pace it 
had loft by the precedent compreflure ; and, confequently, was.in a preter- 
natural ftate of condenfation, when it had been freed from that ftate as 


“fay as faction could do it. Whence it feems evident, that it was not ob fu- 


gam vacui,.that the quick-filver did, upon fuction, afcend one inch; for 


“oe 
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upon the fame fcore it ought to have afcended two, or perhaps more inches; P*zuxartes- 
fince there was no danger, that by fuch an afcent, any Vacuum fhould be 
_ produc’d, or left in the fhorter leg of the fiphon. But, according to 

our hypothefis, a clear caufeof the phenomenon is affignable : for, be- 
fore the fuétion began, there was an equilibrium between the weight 
of the fuperior quick-filver, in the longer leg, and the {pring of the com- 
prefs'd air, included in the fhorter; but, when the perfon began to 
fuck, his cheft being widen’d, fome part of the air, included in the 
_ upper-part of the longer leg, pafs’d into it, and what remain’d, had, by 
that expanfion, its preflure fo weaken’d, that the air, in the fhorter leg, 
finding no longer the former refiftance, was able, by its own {fpring, to. 
expand itfelf, and, confequently, to deprefs the contiguous mercury, in 
the fame fhorter leg, and raife it as much in the longer. 
_— But here it may be objeéted, that if the comprefs’d air, in the fhorter 
Jeg, hada fpring equivalent to the weight of the mercury in the longer 
leg, why is not the mercury fuck’d up in this:inftrument, as well. as in 
the free air; fince, according to me, the preffure of the included air, upon 
the fubjacent mercury, muft be equivalent to the weight of the atmo- 
{phere : yet experience fhews, that the weight of the atmofphere will, 
upon fuction, raife quick-filver to the height of feveral inches ? 

To clear this difficulty, and fhew, that’tis not infuperable, let us conf- 
der, that I make, indeed, the {pring of the comprefs’d air, to be equi- 
valent to the weight of the compreffing mercury ;. and, I have a manifeft 
reafon to do it; becaufe, if the {pring of the air were not equivalent to 
that weight, the mercury muft neceflarily comprefs the air farther ; which 
tis granted, in fact, not todo. But then, in our cafe, there ought to be 
a great difference between the operation of the {pring of the included 
air, and the weight of the atmofphere, after fuCtion has been once be- 
gun. For, the weight of the atmofphere, that impels up mercury, and 
other fluids, when fuétion is made in the open air, continues fill. the 
fame; but the force, or preflure of the included air, is equal to the coun- 
ter-preflure of the mercury, no longer than the firft moment of fuétion ; 
after which, the force of the imprifon’d air, fill; gradually, decrea- 
fes ; fince this comprefied air, being, more and more, expanded, mutt 
needs have its {pring proportionably weaken’d: fo that ’tis: no wonder 
that the mercury was not fuck’d up any more than we have faid; for 
there was nothing to make it afcend to a greater heicht than that at 
which the weaken’d {pring of the expanded air was brought to balance 
the undiminifh’d, and, indeed, fomewhat increas’d weight of the mer- 
curial cylinder, in the longer leg; and the-preflure of the cylinder of 

ie te ; einais Oem 
air, in the fame leg, leflen’d by the a€tion of him who fuck’d. For, when 
the orifice of this leg ftood: open, the mercury was prefs’d upon by a cylin- - 
der of the atmofpherical air, equivalent to about thirty inches of quick- 
filver ; but, by the mouth and ation of him who fuck’d, the tube was 
freed: from the external air; and, by the dilatation of his. thorax, the 
I Py ar neigh-. 
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xax16s nejshbouring air, that had a free paflage through his wind-pipe to it, 
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was proportionably expanded, and had its fpring and preffure weaken’d ; 
by which means, the comprefs’d air in the fhorter leg of the fiphon, was 
enabled to impel up the mercury, till the equilibrium was attain’d. 
And, I muft here take notice, that, asthe quick-filver was raisd by fu- 
tion buta little way, fo the cylinder rais’d, was avery long one ; where- 
as, when the mercury is fuck’d up in the free air, it is feldom ‘rais’d to 
thalf that length; tho’, as I noted before, the impellent caufe, which is the 
weight of the atmofphere, continued ftill the fame: but, in our fiphon, 
when the mercury was fuck’d up only an inch, the comprefs’d air, pof- 
{effing double the fpace it did before, had, by this expanfion, already 
loft a very confiderable part. of its former {pring and preffure. | 
Among the more familiar phenomena of the air-pump, none leaves fo 
creat a icruple, in the minds of fome fort of men, as that, when one’s 


«finger is laid clofe upon the orifice of the little pipe, by which the air paf- 


fes from the receiver into the exhaufted cylinder, the pulp of the finger 
is made to enter, confiderably, into the cavity of the pipe; which doth not 
happen without a.moderate fenfe of pain in the lower part of the finger : 


«for moft of thofe who are ftrangers to hydroftatics, perfuade themfelves, 


that they feel this painful. protuberance of the pulp of the finger, to be 

effected not by preflure, but diftin€tly by attraétion. | 
‘To this, we aniwer, that common air being a body not defti- 

tute of weight, the phenomenon is clearly explicable by the preffure of it ; 


efor, when the finger is firft laid upon the orifice of the pipe, no pain, nor 


{welling is produced, ; becaufe the air, which is in the pipe, prefles as well 
avainft that part of the finger which covers the orifice, as the ambient air 


..doth againft the other parts of the fame finger. But when, by pumping, 
the air in the pipe is made to pafs out of that, into the exhaufted cylin- 


der, there.is nothing left in the pipe, -whofe preflure‘can any thing near 
balance the undiminifh’d preflure of the external air, on the other parts of 


-the finger ; and, confequently, that airthrufts the moft yielding and flefhy 


part of the finger into the place where its preflure is unrefifted ; that is, 
into the cavity of the pipe, where this forcible intrufion caufeth pain. 

To illuftrate this, we took a glafs pipe, of a convenient length, open 
at both ends, whofe cavity was near an inch in.diameter. "'To-one end of 
this pipe, we caus’d to be firmly tied, a piece of very fine bladder, that 
had been oil’d, to make it both very limber, andunapt to admit water 5 
and care was taken, that the piece of bladder, tied on, fhould be large 
enough, not only to cover the orifice, but to hang loofe, fomewhat be- 
neath it. ‘This done, we put the cover'd end of the pipe into.a tall glafs- 
body ; and the pipe being held fo, that the end of it reach’d, almolt, to 
the te ae of the glafs, “we caus’d water to be pour’d, both.into this vef- 


fel, and into the pipe, at its upper orifice, which was left open, that the 


water might afcend, equally, both without and within fide of it. And 
when the glafs-body was full. of:water, and the.fame liquor level to it, 
| ‘ rapa or 
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or alittle higher within the pipe; the bladder at-the lower orifice was Prevumarics. 
Kept plump 3 becaufe the water, within the pipe, did, by its weight, prefs * a“ 
as. forcibly downwards, as the external water, in the large glafs, endea= 

vour'd to prefs it inwards and upwards... Then we caus’d part of the 

water in the pipe, to be taken out of it, by a piece of {punge, or by fudtion 

‘with a fmaller pipe; upon which, the water remaining in the pipe, being 

no. longer able, thro’ want .of weight, to prefs againft the infide of the 

bladder, near fo forcibly as it did before; the external water, whofe 

‘weight was not leffen'd, prefs’d the fides and bottom of the bladder, 

‘whereto it was contiguous, into the cavity of the pipe, and thruft it up 

therein fo ftrongly, that the diftended bladder made a kind of hemifj phere 

within the pipe. Here, then, we have a protuberance, like that above- 

mention'd of the finger, effe€ted by pulfion, not attraétion ; and, in a cafe 

where there can be no juft:pretence for having recourfe to nature’s abhor- 

rence of a vacuum; fince the upper orifice of the pipe being left wide open, 

the air might, freely, pafsin and out. 

The like {welling of the bladder, we could procure, without taking 
out any of the internal liquor, ‘by plunging the pipe deeper into the wa- 
ter ; for then the external liquor haying, by. its increafe of depth, a greater 
preflure on the outfide of the bladder, than ‘the internal liquor had on 
the infide of it, the bladder muft yield to the ftronger preffure, and con~ 
fequently be impell’d up. 3 | | 

if the bladder, lying loofe at the lower-end of the pipe, the upper~end 

were’ caréfuilly-clofed, that the air might not get out ; and if the pipe, thus 
elofed, were thruft, almoft, to the bottom of the water, the bladder 
awould not-be protuberant inwards, as formerly ; becaufe the included air, 
by virtue of its {pring, refifted, from within, the preffure of the external 
‘water againft the outfide of the bladder. But the upper orifice of the pipe © 
being unftopp’d, the air, before comprefs’d, having liberty to expand 
-itfelf, and its elafticity being weaken’d thereby; the external water would, 
‘fuddenly, with noife, :drive up the bladder into-the cavity of the pipe, and 
there keep it very protuberant. | 

To obviate an objection, that. might be brought, thro’ want of skill in 
hydroftatics, I caus’d fuch a pipe, as the former, to be fo bent, near the 
lower-end, that the orifice of it-ftood quite on one fide, in a right angle. 
This lower orifice being fitted with a bladder, and the pipe, with its. 
contain’d liquor, being thruft under water,after the former maaner ; the 
lateral preflure of the water fore’d the bladder into the fhort horizontal 
leg, and made it protuberant there, as it had done when the pipe was 
freight. ? - | 

Laftly, that the experiment might not appear -confin’d to one l- 
quor; inftead of water, we put-into the ftreight pipe, as much red-wine 
as was requifite to keep the bladder bulging, when near the bottom of 
the water; and then faw the fuperficies of the red liquor, in the pipe, 
savas much higher than that of the-external water: and, if the cot of 

bot 
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_ Pweumarics-hoth liquors, were proportionably leflen’d, the difference of height betwixt) 
rected the two furfaces, would, indeed, as it ought, decreafe; but ftill the-fur- 
face of the wine would be the higher of thetwo ; becaufe, being-lighter 
in f{peeie, than common water, the equilibrium between the preflares 
of the two liquors, upon the bladder, would not be maintain‘d, unlefs a 
greater height of wine fupply’d its want of fpecific gravity. And, if the 
3 pipe were thruft deeper into the water, the bladder would be made pro- 
tuberant inwards, as when it contain’d water. *Tis, therefore, evident, 
that thefe phenomena, without recourfe to attraction; may be explain’d. 

barely from the equilibrium of liquors. | 


- 
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